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FROM early in the 18th century, 
the Royal ScK-iety of l^mclon was 
actively encouraging visitors and 
settlers in the New World to reaitxl 
their findings. It was in this tradition 
that the Hailian-bom Audubon 
provided unique folios of first the birds 
of America and subsequently the 
quadmpeds (the mammals and 
rcxlents etc) of North America. He 
broke new ground in painting his birds 
:il life size. He also kept careful 
noteb<Kiks of what he saw. 

By 1823 Audubon thought his work 
was ready for publication. Unable to 
persuade a publisher in the United 
Slates to take on the task, he set off for 
r.uropc confident that he would find 
someone who would value his work. 
His assessment of his own ability was 
vindicated in Edinburgh. Manchester. 
London and Paris (he was«x)n eleded 
to fellowship of Royal S<Kieties of 
London and Edinburgh). [:venlually. 
he founil an Hnglish printer prepared 
to extend the credit netx'ss;iry to 
complete the prcxiuction of The Hirds 
of Amcriai. Publication of the 435 
plates took more than a decade. 
During thai time, the artist and his 
agent sought out u thousand 
substTilx;pi prepared to pay $ UHU) each 
for a complete set. When a set of The 
Birds of America came under the 
auctioneer's hammer at Sotheby's, in 
1984. it raised £1.1 million. 



Watch out for this cover of Sew 
Scientist on 25 April. To prevent 
disiippointment in missing this special 
offer, place your order %«»• with your 
newsagent. Our cover will feature the 
snowy heron. Inside will be ymir VV.V.V. 
Audubon poster, one of those shown 
inset. V ou will also be able to order the 
other three Audutxtn posters, single 
copies of your favourite, or the full set of 
four. 
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Research and the embryo 

Sir Andrew Huxley 



I 



F IT BECOMES 
law, Enoch 
Powell's Unborn 
Children (Protection) 
Bill is likely to 
prevent any research 
being undertaken on 
human embryonic 
material. On the 
other hand, the 
Wamock committee 
recommended that 
such research should 
be permitted but only 
within a strict time 
limit from the time 
of conception and 
under regulation by 
an official overseeing body. In judging the 
relative merits of these two positions it 
should be realised that research on the 
earliest stages of development of the fer- 
tilised human egg has already yielded 
substantial benefits in the treatment of 
infertility, a condition that affects about 10 
per cent of married couples in this country, 
and that such research has the potential to 
give information of immense value for the 
reduction of inherited disease and for 
understanding how rubella and other 
viruses damage the embryo. 

Unfortunately, the public debate on such 
questions is taking place against a back- 
ground of widespread ignorance about the 
earliest stages of development of the fer- 
tilised egg, although the Warnock report 
itself contains an excellent two-page 
account of the stages through which devel- 
opment passes. This ignorance causes 
much confusion, which is made worse by 
an unfortunate ambiguity in the word 
"embryo". 

From about eight weeks af\er fertili- 
sation, the developing human organism is 
known as a "fetus". By that time, the parts 
of the body and the major internal organs 
are recognisable. During the previous six 
weeks or so, while the parts and organs are 
successively making their appearance, the 
word "embryo" is used for the developing 
organism. This is the sense in which the 
word "embryo" is generally understood, in 
contradistinction to "extra-embryonic" 
tissues which, like the embryo itself, are 
composed of cells descended from the 
fertilised egg, but which — unlike the 
embryo proper — are destined to form part 
of the placenta and the membranes that 
surround the fetus. 

The ambiguity arises because the word 
"embryo" is also used to denote the whole 
of the collection of cells formed by repeated 
division of the fertilised egg during the first 
two weeks or so, although only a few per 
cent of these cells are destined to become 
the embryo proper; by far the greater 
number of them will turn into extra- 
embryonic tissue and ultimately into the 
structures that are discarded as the after- 
birth. Furthermore, it is indeterminate 
which particular cells will form the embryo 
proper. 

The embryo proper is first recognisable 




at about the 1 5th day 
after fertilisation, 
when a specialised 
region of cells called 
the "primitive streak" 
first appears. Before 
that stage, it cannot 
be said that a defi- 
nitive embryo exists: 
the product of con- 
ception is a structure 
of which a small and 
undetermined part 
will — if development 
proceeds normally — 
form a "primitive 
streak", and later an 
"embryo" in the 
sense in which the word is generally under- 
stood, and later again a "fetus". 

The Wamock committee recommended 
that research on human "embryos" should 
be permitted up to but not beyond the 14th 
day after fertilisation, that is, only before 
the development of even the first sign of the 
definitive embryo. 

The limitation on research proposed by 
the Wamock committee is therefore not an 
"arbitrary" limit as was repeatedly said in 
the recent debate on the report in the 
House of Lords. It is explicitly related to a 
very fundamental event in early develop- 
ment — the first appearance of what is ordi- 
narily meant by the word "embryo". That 
is not the same thing as saying that it is the 
correct point during development to select 
as the limit beyond which no research 
should be permitted. On the one hand, 3 of 
the 16 members of the committee signed an 
"expression of dissent", appended to the 
report, recommending that experiment- 
ation should not be permitted at any time 
after fertilisation. On the other hand it can 
be argued that the limit should be set at 
some stage of development of the nervous 
system: even the first appearance of the 
tubular structure that later develops into 
the spinal cord and brain does not take 
place until about a week after the appear- 
ance of the "primitive streak". 

A related question is whether the legal 
limit should be set in terms of time after 
fertilisation (as proposed in the Wamock 
report) or in terms of degree of develop- 
ment. A fertilised egg cultured outside the 
body tends to develop more slowly than 
during normal development in the uterus 
and, unless special conditions are em- 
ployed, does not maintain the organisation 
necessary for formation of a primitive 
streak; hence, culture could be permitted 
well beyond the 14-day limit without risk of 
formation of a definitive embryo. 

It is important that these features of the 
early stages of development be bome in 
mind in any discussion of the rights and 
wrongs of permitting research on human 
embryonic material, and most of all when 
legislation on such matters is being debated 
in pariiament. □ 

Sir Andrew Huxley is President of the Royal Society and 
a winner of the Nobel Prize for Physiology or Medicine. 
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THIS WEEK 



Does the answer lie in the soil? 



THE THEORY that life originated 
from clay received support in 
California last week. Scientists at 
NASA's Ames Research Center reported 
that clays can perform two of the basic 
processes that are essential to living 
organisms — the storage and transfer of 
energy. These characteristics do not prove 
the theory, but they are necessary condi- 
tions for It to be correct. 

The research adds to a growing contro- 
versy wdthin science. The clay theory is 
being advanced as an alternative to the 
classical view that life evolved from a 
"primordial soup" of gases, water and 
energy. 

According to the theory, clay has the 
ability to act as a matrix for the creation of 
the earliest forms of life. Clav minerals 
supposedly served as inorganic forerunners 
to later organisms that were based on 
organic compounds. 

For more than 50 years, most scientists 
have accepted the idea that life beg^n from 
a random mixing of simple oreanic mole- 
cules in the primordial soup of the Earth's 
primitive oceans and lakes. Atmospheric 
gases — ammonia, methane, and nit- 
rogen — dissolved in water and formed 
more complex molecules using energy 
from lightning or the Sun's ultraviolet rays. 

However, some scientists now doubt that 
there was enough ammonia and methane 
in the Earth's early atmosphere to permit 
the formation of complex molecules. The 
two gases would have been destroyed by 
ultraviolet light from the Sun, they argue. 

The "life-from-clay" theory has been 
proposed by Graham Cairns-Smith from 
the University of Glasgow, as an alterna- 
tive. But his ideas have lacked hard experi- 
mental evidence, until now. Interest in 
Cairns-Smith's theory will be rekindled 
because of the work at Ames, which was led 
by Lelia Coyne, a chemist from San Jose 
State University. 




Ian Anderson, San Francisco 

The research indicated that clays could 
absorb energy in either mechanical or elec- 
tromagnetic form and then release it slowly 
over periods lasting up to several days. 
Coyne tested dozens of clays, but the best 
results were obtained using kaolin clays 
from St Austell in Cornwall. 

When the clays were wetted, dried, 
pulverised, fractured or irradiated with 
gamma rays, they emitted ultraviolet light. 
The slow release of the light indicated that 
energy was being stored. Coyne believes 
that irregularities or defects in the structure 
of the clay permitted the temporary capture 
of particles of light energy called photons. 

The natural forces needed to trigger the 
storage and release of energy include earth- 
quakes, erosion, tidal cycles, and seasonal 



freezing and thawing, Coyne said. 

The work also indicated a way in which 
clays could create proteins, one of the basic 
building blocks of living organisms. The 
formation of small proteins from amino 
acids could have been speeded up when 
the clay catalyst was irradiated before the 
reaction. 

But the research leaves unanswered the 
question of how much energy can be stored 
by clay and whether or not it is sufficient to 
drive chemical reactions. Cairns-Smith, 
who was at Ames last week, said experi- 
ments were needed to determine how much 
information was stored by clays and 
whether or not they could b»e regarded as 
genetic materials. Coyne said that other 
minerals could have similar properties to 
clay and might have contributed to the 
chemical processes that created life. □ 



The conundrum of the Channel link 



JF THE Channel 
A is ever spanned by 
a bridge, then the 
French will drive on 
the right and the Brit- 
ish on the left. This 
novel compromise 
appears in the specifi- 
cation that builders 
of a Channel link 
must follow. The Inv- 
itation to Promoters, 
as it is called, was 
published last week 
by the French and 
British governments. 

The document 
says: "For safety 
reasons, it would 
appear desirable for 
the transition from 
the general traffic 
rules applicable in France to those applica- 
ble in Great Britain, or vice versa, to take 
place as the user leaves the link." The 
French version is identical, except that it is 
written in French. The report, which was 
drawn up by a joint working party of the 
two governments, lays down the technical 
and financial conditions for building a 
Channel crossing. A key technical 
specification for any bridge is that the 
superstructure must be able to withstand 
collision with a vessel travelling at 1 7 knots. 

It is unlikely that any of the three designs 

for a Channel link that include bridges 
could meet this condition, without consid- 
erable strengthening of their piers. 

The two leading schemes are the Chan- 
nel Tunnel Group's plan for two 7-metre 
diameter tunnels for railway trains and a 
scheme proposed by the consortium called 
Euroroute. This scheme is a combined 
bridge and tunnel, it has a road bridge link- 
ing two artificial islands to each coast, and 
a tunnel under the central section of the 
Channel, combined with a railway tunnel. 
All links will have to be designed to have a 
life of 1 20 years, a target which is likely to 
prove more difficult for schemes including 




Shakespeare Cliffs, Dover: no longer the end of the line 



a bridge. In the tunnel, cars would be 
carried across by trains for safety reasons. 

The trains are likely to have two engines, 
an electric motor to run in normal circum- 
stances, but also a back-up engine, prob- 
ably running on diesel so that if the elec- 
tricity fails the tunnel can be evacuated in 
90 minutes. 

Promoters with novel construction tech- 
niques, and that is likely to include all ex- 
cept the twin-bore tunnel, will have to sub- 
ject these techniques to independent vett- 
ing. The promoters will also have to draw 

up an environmental impact statement. 

Promoters will have to provide details of 
their financial backing, traffic forecasts and 
expected income. Neither government will 
provide any financial support for the sch- 
eme, and there will be no duty-free sales. 
Promoters have to complete their proposals 
by the end of October, and the govern- 
ments will make a decision by the end of 
the year. So that the governments are not 
deluged with frivolous proposals promoters 
will have to place a £ 1 7 5 000 bond with the 
governments. The losers will have their 
money returned; the winner will have to 
pay a further deposit. □ 
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Uncharted pipe could explain Bhopal disaster 



PEOPLE in Bhopal, India, ran 
through the streets in panic 
again last week, as clouds of 
noxious vapour, this time 
C»J chlorine gas, leaked from Union 
Carbide's chemical factory. The 
chlorine leaked from a plant 
manufacturing phosgene. There 
were no casualties. 

The incident renewed con- 
cern about whether the acci- 
dental release of methyl 
isocyanate (MIC) from the plant 
last December, which killed over 
2500 people, was caused by 
"unique, unusual" events, as 
Carbide's US headquarters 
claims {New Scienlisi, 28 
March, p 3). 

A report by Indian scientists, 
prepared for a judicial inquiry, 
blames the disaster on flaws in 
the plant's design as well as oper- 
ating errors by local staff. Mean- 
while, a detailed analysis of 
factory specifications, released in Carbide's 
own report on the accident, reveals new 
evidence that safety systems at the plant 
were inadequate to contain such a reaction. 

Two Indian scientists investigating the 
disaster believe they now know how water 
got into an MIC storage tank to set off the 
runaway reaction that led to the disaster. 
Bharat Bhushan and Arun Subramanian 
have published their findings in the journal 
Business India. They say the water got in 
through a temporary pipe installed between 
two hitherto unconnected parts of the MIC 
equipment. They say that the parent 
company in the US had given permission 
for the tank. Yet the company's own report 
on the accident makes no reference to the 
pipe and it does not appear on the 
company's diagrams. 

The extra pipe connected the relief valve 
vent header, through which pipes from 
several systems send excess chemical fumes 
to a gas scrubber, to the process vent 
header, a pipe that led directly into the MIC 
tank (see diagram). The pipe was installed 
as a bypass, to connect the MIC tank with 
the relief system during closure of the 
process vent header. This closure was 
necessary while the flare tower, another 
safety system meant to bum excess gas, was 
closed for repairs. 

On the evening b)efore the accident, 
engineers flushed water through four pipes 
leading from other equipment into the 
relief valve vent header. When the oper- 
ators opened valves to let the water out, two 
valves were completely blocked and two 
more were partly blocked. Water accumu- 
lated in the relief valve vent header. 

Operators stopped washing the pipes 
when they noticed that no water was 
emerging through the valves, but started 
again a few minutes later on orders from 
the supervisor of the MIC plant. 

The water in the relief valve vent header 
would have been safe enough, had it not 
been able to flow down through the new 
bypass pipe into the MIC pipes. Even then 
a valve at the entrance to the MIC tank 
should have stopped the water entering the 
tank. But that valve was either open or 
leaking (New Scienlisi, 28 March, p 3). So 



Debora MacKenzie, Geneva 




Falal links in a botched-up system 

there was nothing to stop water trapped in 
the relief valve vent header from flowing 
into the MIC tank. 

The valves were blocked and leaking 
because of negligent maintenance in 
Bhopal, say the scientists. But the installa- 
tion of the bypass line, a key factor in the 
accident, was approved by head office. 

Blame also attaches to head office over 
the issue of whether Union Carbide should 
have equipped the tank with safety systems 
to contain a runaway reaction of the kind 
that overwhelmed the plant. 

It has been difficult for scientists 
investigating the accident to get details of 
the safety features of the Bhopal plant from 
Union Carbide. But now Ian Swift, a 
British consulting engineer working in 
the US on the safety of chemical plants, 
has calculated the size of the safety 



vent in the MIC tank. 

Using Carbide's own esti- 
mates of the rate at which poly- 
merising MIC rushed out on the 
night of the accident. Swift says 
the vent was probably no larger 
than 22 square centimetres. This 
is a standard size used in chem- 
ical equipment and would have 
been sufficient to release escap- 
ing gases alone. But, according 
to Carbide's report, the poly- 
merisation of MIC resulted in 
the bubbling out of liquids and 
solids as well as gases. A vent 
large enough to handle such a 
flow at the release pressure used 
in Bhopal, would have had to 
have measured 200 square centi- 
metres, says Swift. 

Swift is not saying that 
Carbide should necessarily have 
used such a huge vent. But he 
says it does show that the condi- 
tions that Carbide expected the 
safety system to face did not extend to 
runaway polymerisation reactions. This is 
odd because such reactions were known to 
occur in MIC when the plant was designed. 

Jackson Browning, Carbide's vice- 
president for health, safety and the environ- 
ment, is currently changing the release 
system on the MIC tanks at a similar plant 
at Institute, West Virginia. This is being 
done in such a way that the plant can now 
handle flow containing solids and liquids as 
well as gases. 

The changes will include fitting larger 
diameter safety valves and a lowering of the 
pressure settings on the safety valves from 
40 pounds per square inch (psi) to 15 psi. 
At this lower pressure, any reaction will still 
be going slowly enough for vapourisation to 
absorb enough energy to damp down the 
reaction, engineers believe. □ 



Canal lift that needs a face-lift 



THE BRITISH Waterways 
Board will have to spend 
nearly £600 000 if the unique 
Anderton lift is to work again. 
The lift connects the Trent and 
Mersey Canal with the River 
Weaver Navigation, at Anderton 
in Cheshire. It lifts canal boats 
through 16 metres from one 
waterway to the other. 

The lift, which is 110 years 
old, is the last surviving mechan- 
ical device for raising boats on 
British canals. It was taken out 
of service at the end of 1983 for 
repainting and the removal of 
rust. During this work, engin- 
eers discovered serious corro- 
sion. The British Waterways 
Board, which runs 3000 kilo- 
metres of canals in Britain, 
now considering whether to keep 
the lift as an historic monument 
or to spend £2 million to install a 
modern mechanism. 

If the lift is saved it will ^ 
probably be converted from its I 
existing hydraulic mechanism to | 
electricity. Jeff Hecht, Boston " 
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Aircraft crash 'was a success' 



AVIATION FUEL that does not bum in 
crashes won oflicial backing last 
week— despite the fact that its most public 
demonstration ended in a dramatic fireball. 

The demonstration, last December, 
involved crashing a remotely controlled 
Boeing 720, fuelled with ICI's anti-misting 
kerosene, into the Califomian desert. 
Unfortunately for ICI. which had spent 17 
years developing the fuel, millions of tele- 
vision viewers saw the airliner burst into 
flames after the "controlled impact" {New 
Scientisl, 6 December 1984, p 5). 

Last week, however, the US Federal 
Aviation Administration, which designed 
the test, said that the experiment had 
demonstrated that anti-misting kerosene 
can make aircraft safer. It also provided 
valuable data about the behaviour of an 
aircraft's structure in a crash. Officials are 
still analysing the nine kilometres of film 
taken from both inside and outside the 
aircraft during the crash. 

How could the test be a success when the 
aircraft burst into flames? David Lane, 
ICI's new-products manager, said last week 
that the fire had been caused by "a very 
special combination of factors. If you 
remove any one, it would have looked 
totally different." Anti-misting kerosene. 



in a crash. Because of the way the Boeing 
720 landed, the burning engine lodged 
under the fuselage as it slid along the 
ground. Burning fuel then entered the 
plane's cargo hold through holes punched 
by sharp obstacles on the runway. This 
started a secondary fire, which destroyed 
the aircraft. 

"We have never maintained that the 
Avgard additive can prevent all post-crash 
fires," Lane said. "It is an anti-misting 
agent." However, Lane said that the addi- 
tive would have helped passengers in the 
doomed jet by staying liquid for far longer 
than ordmary fuel, so keeping the fuselage 
cool. "So far as we could judge, it did 
prevent misting." Lane said. "The only fire 
started from the cut-open engine." Some 
would have escaped. 

Although ICI is confident about the 
fuel's future, and the US's Federal Aviation 
Administration (FAA) agrees that it can 
make aircraft safer, the world's airlines will 
not be using it for many years. A Congress- 
ional Sub-Committee on Transportation 
last week ruled that "more 
analysis is needed before the FAA can take 
a decision on a notice of proposed rule- 
making which would make mandatory the 
use of anti-misting kerosene." Such a 




The moment that the flame retardanl worked, according to ICI 



which ICI promotes under the name 
Avgard is a heavy polymer which is mixed 
with kerosene when aircraft are refuelled. 

The agent prevents fuel forming a mist if 
a tank is ruptured, but would not stop a 
continuous source of ignition setting fire to 
the fuel, which happens in the aircraft's 
engines. Aircraft that run on the fuel have 
to be fitted with degrading equipment 
which removes the polymer before fuel 
enters the combustion chamber. 

What happened in the test crash was that 
a metal obstruction on the ground, 
designed to rip off a wing during the crash, 
cut into an engine. This released fuel that 
had passed through the degrading equip- 
ment, as well as volatile hydraulic fluid. 
The engine's turbines came to a stop from 
10 000 rpm in one third of a revolution, 
generating huge amounts of heat. 

Airline engines are designed to shear off 



notice would be only the first step in 
making the additive compulsory. One 
problem is that, as unmodified planes 
cannot fly on modified fuel, all the world's 
airlines would need to change simulta- 
neously. 

Another problem is that engine makers 
will need to carry out further tests to ensure 
that the degrading equipment is totally 
reliable. The crash test was the first time 
that an airliner had flown on the fuel. 
Previous tests on a plane with only one 
engine modified have clocked up less than 
50 hours flying time. 

But the main problem. Lane concedes, is 
that following the test crash "the public and 
political perception has been that the addi- 
tive doesn't work". The feeling at ICI is that 
it might take a real plane crash to put the 
impetus back into the development of safer 
fuels. Michael Cross 



Smoke gets in your genes 

CIGARETTE smoke rots your genes— quite 
literally. Japanese researchers have found 
that cigarette smoke causes human DNA, the 
genetic material of all cells, to break up into 
smaller strands. In experiments, they found that 
one cigarette can cause about 10 000 single- 
strand breaks in the DNA of one cultured 
human cell. They suggest that this "clastogenic" 
action of breaking DNA strands could be the 
reason why cigarettes can cause cancer. 

The team of researchers, from Tokyo's 
National Cancer Center Research Institute, says 
in an article in the current issue of Nature that 
"there has been no previous direct demonstra- 
tion that cigarette smoke can cause single-strand 
breaks in DNA". The team suggests that the 
breaks could be caused by active oxygen (such as 
hydrogen peroxide and the free oxygen radical, 
0:) that is generated by cigarette smoke. 

"Although, in the body, most [single-strand 
breaks] caused by cigarette smoke are expected 
to be efficiently repaired, some would remain 
unrepaired and the accumulation of such 
[breaks] over a long period may have serious 
consequences, especially for heavy smokers," the 
researchers say. □ 

Hydro holdup 

PLANS for the first new hydroelectric scheme 
in northern Scotland since the 1960s have 
been put on ice by ministers. The North of Scot- 
land Hydro-Electric Board wants to build two 
small power stations on the Grudie and 
Talladale rivers that drain into Loch Maree in 
Wester Ross (New Scientist, 28 February, p 8). 

The Scottish Ofiice had been considering the 
plan for two years. The scheme was opposed by 
local landowners, including the Whitbread brew- 
ing family and the Wills tobacco family. But the 
government says it has stopped the scheme on 
financial grounds. It says the Hydro Board is 
already engaged in other capital projects in this 
remote area of north-west Scotland. These 
include an 80-kilometre high-voltage powerline 
along the length of the Isle of Skye and two 
submarine cables to link the Western Isles to the 
national grid. a 

Quick as a flash 

THE CREATION of the fastest man-made 
event ever is being claimed by scientists at 
AT & T Laboratories m New Jersey, US. They 
have produced a pulse of light lasting just 
8 X 10-" seconds (8 centroseconds or a 
millionth of a billionth of a second). 

Charies Z. Shank and his colleagues passed a 
pulse of laser light through a short length of 
optical fibre. After emerging from the fibre, the 
pulse was reflected back and forth between a pair 
of diffraction grates in a way that shortened it. 
The pulse was only four or five wavelengths of 
visible light long, or 2-4 micrometres. □ 

Statistical accidents 

EXHORTING the unemployed to "get on 
their bikes" may not reduce the dole 
queues — but it might reduce road accidents, 
according to an article in Accident Analysis and 
Prevention. 

Susan Partyka, of the US's National Highway 
Traffic Safety Administration, has constructed a 
mathematical model which "explains" the 
number of deaths on the roads hy changes in the 
number of people in work. This model appar- 
ently explains 89 per cent of the variation in road 
deaths between I960 and 1982. This correlation 
is improved to explain a staggering 98 per cent of 
the variation by the inclusion of a factor to cover 
the effect of lower speed limits that were intro- 
duced in the wake of the fuel crisis of 1974. 

Partyka's paper emphasises that the increase 
in the dole queue does not came a cut in road 
deaths. Other experts suggest that it is more 
likely that the level of unemployment is a 
convenient economic indicator. If the economy 
booms, people drink and drive more. □ 
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Myth of the Soviet shuttle 



RUMOURS that the Soviet 
Union is about to develop its 
own reuseabie space shuttle may be 
premature. Aleksandr Serebrov. a 
cosmonaut who has flown on the 
Salyut space station, has told AViv 
Scientist that the Soviet Union will 
continue to use small, tried- and 
tested-Soyuz capsules transport 
cosmonauts and materials to the 
orbiting Salyut space station. 

"Why would you drive a big 
American car when a 2CV would 
do just as well," Serebrov said. 
"With the present frequency of 
shuttle flights, a space-aircraft is an 
extremely expensive means of 
transport. Only if you launch a fully 
loaded space shuttle every week 
would it become profitable." 

Rumours about a Soviet shuttle 
programme began with reports in 
the American magazine Aviation 
Week and Space Technology. For 
example, a recent issue contained 
a photograph of a Soviet bomber, 
the Myasitsyev Mja-4, carrying 
on its back a craft that looked 
suspiciously like an American 
space shuttle. 

The Russians carried out gliding and 
landing tests with the model, similar to 
those the Americans carried out in 1977 by 
releasing the shuttle Enterprise from a 
Boeing 747. 

The Soviet bomber, code-named Bison 
by Nato, made test flights with its load from 
Ramskoye air base, east of Moscow. 

Serebrov admits that the Soviet Union 
has carried out tests with a small shuttle 
model less than 4 metres long and weighing 
just one tonne. For these flights, a 
conventional rocket took the model into 
orbit. 

After one rotation, the model reentered 
the atmosphere. On one test, the model 
landed in the Indian Ocean, in two others it 
landed in the Black Sea. An Orion aircraft 
from the Australian marines photographed 
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This is Soviet shuttle technology 
as photographed by Australian 
Marines; but there is no 
programme, says Serebrov 

the landing in the Indian Ocean, 
three years ago. 

It is clear that the Soviet 
Union is interested in the tech- 
nologv of reuseabie spacecraft, 
which it calls the VKK (Voz- 
dushno-Kosmicheski Korably air-space 
ship). Like the Americans, the Russians 
want to understand the technology. 
But, according to Soviet engineers, they 
have no rival to the American shuttle 
and have no current intention to develop 
one. 

If Aviation Week, the house organ of 



America's aerospace industry, is 
exaggerating a Soviet threat to the 
US. it would not be the first time. 
1 or example, it claimed that the 
spacecraft Kosmos-1443, which 
was coupled to the space station 
Salyut 6, was loaded with small 
rockets that could be used against 
other spacecraft. 

But General Vladimir Shatalov. 
head of the cosmonaut team, 
denied this. Shortly afterwards, in 
1982. the Russians released photo- 
graphs which showed the craft to 
be what the USSR had always 
claimed: a module designed to 
enlarge living space aboard the 
Salyut by about half 

Cosmonaut Serebrov's state- 
ments about a space shuttle make 
a lot of sense. The Russians 
emphasise their goal of building a 
large permanent space station, as 
a successor to the present Salyut 
7. In such a station, lunar 
modules 

could be assembled, 
released, and taken in again 
for repair. 

The US's shuttle may 
itself soon look like an 
expensive folly when the 
American space station is 
flying — by 1992, if all goes 
well — it will take over many 
of the tasks carried out 
during shuttle missions. 
The shuttle will serve 
simply as a means of trans- 
port to and from the space 
station, a job that can be 
done quite easily with ordinary rockets. 

Will the Soviet Union stay out of the 
shuttle race for good? Serebrov says: "For 
the time being, we don't need it. 
But if the Americans continue to utilise 
the military possiblities of the shuttle, in the 
long term we could also be forced to 
develop a space-aircraft." □ 



Microwaves linked to cancer in Polish study 



A POLISH study has found that soldiers 
who are regulariy exposed to heavy 
doses of microwaves contract cancer at 
three times the rate of other soldiers. 
Scientists at the Centre for Radiobiology 
and Radioprotection in Warsaw say they 
have found "a definite increased risk of 
neoplasms resulting from occupational 
exposure" to microwaves. 

The possible long-term health effects of 
microwave exposure have been debated for 
several years and a handful of other studies 
have pointed to a possible link with cancer. 
The Polish results are reported in the 
March issue of the New York-based news- 
letter Microwave News. They come from 
an analysis of data on career soldiers from 
1971 to 1980. 

Although only three per cent of the 
Polish soldiers received heavy doses of 
microwaves, that group suffered 8-8 per 
cent of the cancers found among the 
soldiers in the study. 

Exposed soldiers were 6 7 times more 
likely to contract cancer of the lymphatic 



system and the blood-forming organs, and 
4-3 times more likely to suffer thyroid 
cancer. The rate of lung cancer, the 
commonest type of cancer among Polish 
soldiers, was virtually the same regardless 
of the extent of exposure. 

The increase in cancer rates varied with 
age. Soldiers in their 20s who received high 
doses of microwaves were 5-5 times more 
likely to get cancer than their compatriots 
of the same age. Those in their 50s were 
only I -6 times more at risk. 

This variation could reflect factors such 
as the reduction in the activity of the endo- 
crine glands. The number of soldiers 
involved was not indicated in the paper, 
but Microwave News said the study was "by 
far the largest on the effects of non-ionising 
radiation' . 

The Polish results support the evidence 
of an animal study by Arthur W. Guy at the 
University of Washington in Seattle, spon- 
sored by the US Air Force. He looked at a 
broad range of effects in rats exposed to 
pulses of microwave. 



He found that rats exposed to micro- 
waves contracted tumours 3-6 times as 
often as those in a control group. Half the 
cancers found in his study were endocrine 
tumours. 

An earlier Polish study published in 1 982 
had reported that microwaves tended to 
accelerate the development of tumours in 
mice. 

The degree of the Polish soldiers' 
exposure to microwaves was not specified 
in the report. But Louis Slesin, the editor of 
Microwave News, says the results "make 
further research imperative, given the large 
number of Americans exposed to micro- 
waves on the job and in the military". 

However, the US government does not 
seem interested. The air force has no plans 
to follow up on Guy's work and Slesin says 
that the Reagan administration's budget 
proposals for 1986 will severely reduce 
research on non-ionising radiation, includ- 
ing microwave, radiowave and electric 
fieldwaves for power lines. 

Jeff Hecht, Boston 
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Nuclear inspectors threaten to leave en masse 



BRITAIN'S nuclear inspectors are in 
turmoil. More than half of them have 
threatened to leave their work with the 
Nuclear Installations Inspectorate (Nil) 
because they do not want to obey a govern- 
ment edict and move to Bootle on 
Merseyside. Fifty of them, more than half 
of the inspectorate's staff of engineers and 
scientists, have made their dissatisfaction 
public by advertising in the national press 
their willingness to take other jobs. 

Their advertisement was placed in a 
national newspap>er under the heading 
"Nuclear Safety Engineers Seek 
Employment". It has already attracted 
offers from firms in the nuclear business, 
such as Rolls-Royce, which builds the 
pressurised-water reactors that power 
Britain's nuclear submarines. 

A spokesman for the Health and Safety 
Executive, the parent body of the Nil, said 
this week that if the threatened exodus of 
staff happens, safety work at Britain's 
power stations will inevitably be held up. 
"But we are not going to compromise on 
nuclear safety," he said. 

The inspectorate has not yet recovered 
from the demands of appearing over two 
years at the Sizewell-B public mquiry. It 
faces another heavy drain on resources as 
the long-term safety review of Britain's 
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ageing Magnox reactors gathers pace. 

There are continuing problems with 
Britain's oldest Magnox reactor, run by the 
Central Electricity Generating Board at 
Berkeley in Gloucestershire. Arguments 
about the replacement of cracked gas 
bellows at the plant have been going on for 
several years. 

The planned move to Merseyside will 
coincide with the Nil's consideration of the 
safety assessments for Britain's most 
modem advanced gas-cooled reactors at 
Heysham and Tomess. Inspectors do not 
expect to have the time or the resources to 
check the safety cases in as much depth as 
they would like. They say that it will prob- 
ably only be possible to double-check a 
third of the detailed work which is being 
submitted by the generating board and the 
South of Scotland Electricity Board, 
together with the National Nuclear 
Corporation. The Institution of Profes- 
sional Civil Servants, which represents 
most of the nuclear inspectors, has written 
to all MPs voicing its concern that the plans 
for dispersal are affecting morale and 
jeopardising safety standards {New 
Scientist, 24 January, p 3). 

One trend which is worrying the union is 



Return of the big, bad wolf 



Scandinavia's 
Wolf Trail 



FEARS that the Scandinavian wolf may 
be on the verge of extinction have been 
confounded. Supporters of the wolf believe 
that two sets of wolf pups may be bom in 
southem Sweden this summer. 

Their confidence follows the discovery 
of spots of blood in snow in the woods of 
Warm land County, near the border with 
Norway. Scientists deduce that two adult 
female wolves have come into season 
during the last month. 

The wolves are members of a pack of 
five which, for nearly a year, has kept to a 
territory within 25 kilometres of the village 
of Bjurberget. Scientists who have been 
following the wolves since they first bred in 
the area in 1983 {New 
Scientist, 9 November 
1984, p 28) believe the 
pack consists of the 
original pair, one of 
the pups born in 1983 
(which is breeding for 
the first time this 
season), and two pups 
born last summer. The 
females could both 
give birth next month. 

Only one other wolf 
is known to exist in 
Sweden south of the 
Arctic Circle. This is a 
female, again assumed 
to be one of the 1983 
pups, that scientists 
have located about 
400 kilometres north 
of Bjurberget near 
Ostersund. She too is 
on heat. But, as her 
season only lasts three 
weeks and she is not 
with a pack, scientists 




the dramatic decline in site visits by 
inspectors. From a peak of 762 visits to all 
nuclear sites in 1981, the tally dipped to 
400 during 1983-84. The institution wams 
that this drop in visits could have 
"potentially serious consequences for reac- 
tor safety at operational nuclear power 
stations". Because of their current work- 
load, inspectors have been forced to 
consign to the back-burner such matters as 
inspection at sites run by the Ministry of 
Defence and the UK Atomic Energy 
Authority. Studies into safety at fast reac- 
tors and work on siting policies for nuclear 
chemical plants have also suffered. 

Peter Bottomley, an employment minis- 
ter who oversees the Nil, recently reiterated 
his commitment to the relocation of most 
of the Nil to Merseyside. He stressed that 
"standards will be maintained". □ 

El condors passe 



Blood in the snow brings hope 



will be surprised if she finds a mate. It 
seems likely that the other four pups bom 
in 1983 have all been killed. 

The survival of Scandinavian wolves is a 
matter of great controversy. Farmers are 
demanding compensation for livestock lost 
to marauding wolves, and some parents are 
demanding special protection for children 
on their way to school in remote rural 
areas. 

On 1 6 March, nearly 500 people set out 
on skis to look for wolf tracks along the 
border between southem Norway and 
Sweden. In Sweden, no wolves were found 
outside the Bjurberget territory. In 
Norway, along 2200 kilometres of the 

^ border, no sign of any 

wolves was found. 
Between Torberget 
and Trysil in 
Hedmark, where last 
year farmers received 
subsidies for the loss of 
sheep; the searchers 
found a number of 
straying farm dogs. 

Tor Kvam, a spokes- 
man for the 
Norwegian Directorate 
for Wildlife and Fresh- 
water Fish, confirmed 
last week that there 
have been no reliable 
reports of wolves from 
the whole of the south- 
em half of Norway this 
year. There are only 
two possible sightings, 
both far to the 
north, one near 
Bremmoysund, on the 
coast, and the other in 
Liene. □ 




THE POPULATION of California 
condors in the wild could have fallen 
as low as 1 1 . Four birds, including three 
from breeding pairs, have gone missing 
over the last six weeks. The break up of the 
breeding pairs was described last week as a 
devastating blow to attempts by scientists 
to save the huge bird from extinction. Last 
year five breeding pairs were identified. 

The falling population has also led to the 
postponement of plans to release three one- 
year-old female condors that have been 
bred in captivity from eggs taken from nests 
last year. They were to have been released 
into the wild m May. 

The Los Angeles Zoo and the San Deigo 
Wild Animal Park are rearing 16 birds, 
including 15 juveniles. Scientists want to 
release females from the captive flock into 
the wild to increase the genetic diversity of 
the breeding pairs. But this plan will have to 
be reassessed. 

The captive breeding programme itself is 
now also in peril. Scientists from the 
Condor Research Center in Ventura hoped 
to obtain 13 eggs this year. By last week 
they had only two. 

But scientists are not completely despon- 
dent. "Any wild populatidn is going to have 

tood years and bad years," says J. Michael 
cott, director of the research centre. The 
catastrophic losses are all the more reason 
to manage the species, he says. 

The condor, a vulture with a wing span 
of nearly 3 metres, is found in Califomian 
forests inland from Santa Barbara. □ 
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Second virus linked to AIDS cancer 



m 



Ji« CCIENTISTS Omar Sattaur and Terry Hamblin 
V_L are now sue- 



Vtt 



gesting that Kapo- 
si's sarcoma, the 
life - threatening 
cancer seen in the 
most severe cases 
of AIDS (acquired immune-deficiency 
syndrome), may be caused by an as yet 
unidentified virus. 

Kaposi's sarcoma (KS) has baffled 
scientists since it was first diagnosed. Prior 
to AIDS this cancer was confined to a 
region of central Africa. It was also seen 
among people whose immune systems were 
suppressed for medical reasons — for exam- 
ple to prevent a transplanted kidney being 
rejected. In both cases the disease was 
indolent and would often regress when the 
immune system recovered. 

But KS m AIDS patients is different; it is 
far more aggressive, invasive and life- 
threatening. There is also a similar, more 
virulent KS on the increase in central 
Africa, and this "atypicar form is often 
unrelated to AIDS. Scientists have looked 
to the virus that causes AIDS as the possible 
culprit for KS — it does, after all, cause 
immunosuppression. 

But more and more this idea is being 
dispelled by serological studies. These 
entail hunting for the AIDS virus in the 
blood. Scientists have found, for example, 
that people with "classical" KS in central 
Africa do not carry the AIDS virus, whereas 
those with the newer "atypical" KS do. 
Could the new form represent a mutated 
AIDS virus? 

Professor Jan Desmyter, head of micro- 
biology at the Catholic University of 
Louvain, in Belgium, last week told a meet- 
ing at the London School of Hygiene and 
Tropical Medicine why he thought this was 
unlikely. Desmyter mentioned two studies; 
one showing that 35 per cent of blood 
samples taken in 1970 from healthy 
mothers in Kinshasa in Zaire showed some 
reactivity with the AIDS virus, indicating 
that they have antibodies to the virus and 
so must have been in contact with it in the 
past. Because KS is increasing one would 
expect more reactivity in samples taken 
more recently, but the reverse is true. 

In the second study, only 10 per cent of 
blood samples taken in 1980, from healthy 
Kinshasa mothers contained antibodies to 
the AIDS virus. 



There are other reasons to suspect a 
novel virus in KS. The first is that 
haemophiliacs who develop AIDS through 
infected blood rarely develop KS even 
when they do develop the other symptoms 
of AIDS. Secondly, KS in AIDS was rare at 
the early stages of the disease but is 
increasing all the time. 

New evidence from Denmark may dispel 
the idea that AIDS in the West will even- 
tually affect men and women equally, as it 
now does in central Africa. Dr Mads 
Melbye and others from the Cancer 
Research Institute at Aarhus investigated 
the families of 14 haemophiliacs who had 



all been infected by the AIDS virus from 
American clotting concentrate. Only one of 
the 35 individuals they examined had 
caught the virus from one of the 
haemophiliacs, and she was the only female 
sexual partner who practised anal inter- 
course. 

Eight other wives or consorts, who all 
practised both oral and vaginal intercourse, 
were unaffected. It seems, therefore, that 
rupture of the very thin lining of the rectum 
is the route by which the virus is spread. 

Does this mean that everyone with AIDS 
in central Africa is a sodomite? Almost 
certainly not. The betting among some 
scientists is on a blood-sucking insect 
vector for the disease. □ 



Britain takes the road to ruin 



BRITAIN'S main roads are start- 
ing to fall apart, according to an 
official survey. This is a result m part 
of cuts in spending on road mainte- 
nance and in part due to the 
increased pounding that roads are 
receiving from heavy lorries. 

The National Road Maintenance 
Condition Survey, which is a rare 
product of cooperation between the 
government and local authorities, 
found that Britain's roads were 10 
per cent worse than they had been in 
1 980, according to an agreed index of 
defects. Trunk roads, the highways 
which are maintained by the govern- 
ment, had deteriorated the least, and 
were only 8 per cent worse than in 
1980. 

But the local authorities' main 
roads were 25 per cent worse in 
urban areas, and 16 per cent worse in 
rural areas. Council spending on 
these roads has dropped by nearly 7 
per cent over the period. 

The report of the survey says that 
the deterioration of the local author- 
ities' roads between 1980 and 1982 
had been halted in 1983, but had 
resumed in 1984. Publication of the 
report was held up by the 
Department of Transport for several 
weeks because of the survey's embar- 
rassing conclusions. The department 
has said for several years that the 
deterioration of roads shown in the 
survey have not been significant. □ 




Signals 

BRITAIN'S plans for satellite broad- 
casting are caught in a double bind. 
The Group of 2 1 , a consortium made up of 
the BBC, the Independent Broadcasting 
Authority and electronics companies such 
as Thom-EMI, seems undecided about 
which way to go. 

There are two possibilities: 
• The consortium could go forward with 
plans to have a service beamed into homes 
by 1989. To do this it must immediately 
promise the builders of the satellite that it 
will pay out £80 million per year for the 
hardware. But there is a risk that, by the 
time the service is in business, it could be 
undercut by a new generation of receivers 
that will take pictures from lower-powered 



unclear from satellite broadcasting 



cheaper transmitters. 

9 The consortium could wait for the new 
technology before going ahead. But by then 
the country might be hooked on cable TV 
and have little interest in satellite broad- 
casting. 

A major uncertainty is how well the 
240-watt transmitters planned for the 
system will work. Existing tele- 
communications satellites use far fewer 
watts. The Japanese direct-broadcasting 
satellite, which was launched last year, uses 
100 watts for instance. However, it has 
turned out to be a failure because two of its 
three transmitter tubes stopped working 
soon after launch. 

The British 240-watt tubes have yet to be 



tested in space. There is concern that they 
may not be able to stand the regular switch- 
ing on and off, which will occur 88 times a 
year, whenever the solar panels that will 
power them pass into eclipses. 

The group calculates that to provide a 
three-channel service with a 95 per cent 
certainty of providing programmes for 10 
years, three satellites will be necessary, 
costing £86 million per year. Two would be 
in orbit and one spare on the ground. If the 
consortium would accept a probability of 
75 per cent, it could get away with two 
satellites. This would halve the cost of the 
venture. With risks and costs as high as this, 
the scope for dithering is immense. 

Barry Fox 
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We have more star numerical analysts working with us than any other 

computer software company 
(If you know what numerical analysts do for a living skip this section. 

If not, read on . . .) 
Scientists and engineers work with mathematical models. 
Used with computers, these models demonstrate how planes fly how 

buildings stand upright, how crop-yields improve. Indeed 

thousands of everyday physical events can be examined with the 

help of mathematical models. 
To experiment with these models on computers sophisticated methods 

known as numerical algorithms are used. 

Numerical analysts develop these methods and the computer software 
that goes with them. 

Developing algorithms is an expensive, time-consuming and some- 
times risky activity 

But they can be bought off the shelf. And the most experienced and 
reliable source is the world-famous NAG Numerical Software 
Library. 

A unique service for science and industr y. 

At the heart of our organisation is the Numerical Algorithms Group that 

gives us our name. 
This is a unique group of over 100 internationally-recognised authorities 

in their own fields of numerical and statistical computing. 

Team members work in centres of mathematical excellence in British 
universities and research laboratories. 

No other numerical software company in Britain, Europe, and the world 
comes close to the scale and calibre of talent in our organisation. 

This makes our NAG Library Service quite unique. 

Why you need our numerical software services. 

If scientists and engineers in industry are smart enough to develop 
mathematical models, why don't they devise the algorithms 
that make them work? 

They often do. But it is an expensive waste of time and money Their 
time. Your money 



With the NAG Library at their fingertips they have immediate access 
to over 500 pre-selected, tried and tested algorithms. 

All supplied ready-to-use and with superb documentation. 

NAG is the only software company in the world that supplies over 
70 tailor-made versions of such a library for at least 30 different 
computer ranges. 

Use our library twice and it pa ys for itself. 

Subscribing to the NAG Library Sen/ice costs from £1,200 a year 

Writing just 2 'home-made' algorithms can easily cost more than that. 

And remember, the NAG Library Service not only provides you with 

over 500 of the latest, most useful algorithms, but will also give 

your company reference to many many more. 

So you will find the algorithms you are looking for with NAG. 

Sup port your nnost important talents. 

Scientists, engineers, mathematicians - the genuine problem-solvers - 
are among the rarest most valuable talents in your organisation. 

You can help them to become even more productive by subscribing to 
the NAG Library Sen/ice. 

After all, in the race to stay ahead of the competition your key people 

desen/e the best help you can give them. 
And the best help has the most stars. 
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Britain may have Bigeye nerve gas by 1989 

Now that cruise missiles are safely in place, Britain may take the US's chemical weapons 
as well. Officials have just told the US that they back Reagan's plans to make more nerve gas 



Judith Perera 



THE BRITISH 
government 
denies that it 
has any intentions of 
manufacturing its 
own chemical weap- 
ons. Yet Britain may 
soon become a 
repository for a new 
generation of binary 
chemical weapons — 
nerve gases that will 
be manufactured in 
the US and stored at 
American bases in 
Britain. The British 
government is now 
discreetly encour- 
aging the US Con- 
gress to vote money 
for the weapons' 
manufacture. 

The Reagan Ad- 
ministration has 
asked Congress for a 
total of $1-4 billion 
to spend on chemical 
weapons. This in- 
cludes $207 million 
for the production of 
shells and bombs 
containing binary 
nerve gas. Last May, 
the House of Repre- 
sentatives rejected by 
247 votes to 1 79 a similar request for fund- 
ing; the request was not even put before the 
Senate. 

After the defeat, the Administration 
appointed a bipartisan "blue-ribbon" 
commission of nine prominent individuals 
to consider the issue and report to 
Congress. The commission visited London 
on 29 March and, at a brief lunchtime 
meeting, British officials told the commis- 
sion that they believed the modernisation 
of US chemical weapons was desirable. It 
would help to convmce the USSR of the 
need for total chemical disarmament. 

The commission is expected to submit its 
report to Congress on 15 April, just one 
week before the Armed Services Commit- 
tees of both houses begin to consider their 
budgets. The commission will base its 
report on evidence collected in Washing- 
ton, Bonn, Brussels, Paris and London. 
The veiled green light given by Britain is 
expected to be decisive, not only for the 
commission but also for Congress. 

London's support is not the only reason 
why the commission is expected to come 
down in favour of binaries. The commis- 
sioners are already late in submitting their 
report, so to meet the 15 April deadline 
they will have to depend heavily on their 
Stan, all of whom were drawn from the 
Pentagon. 

Moreover, the commissioners them- 
selves have probably been in favour of 




chemical weapons from the start. One 
Congressional source described its 
composition as "outrageous". Two 
members of the commission. Barber 
Conable and John Erlenbom, are former 
congressmen: both voted for binaries in 
the past. The former US Secretary of 
State and Supreme Commander of NATO, 
Alexander Haig, is also a member: in 1978 
he noted that the US was "very weak" 
in chemical weapons and that "sometime 
in the near future this will have to be 
reassessed". President Carter's National 
Security Adviser, Zbigniew Brzezinski, is 
also on the panel and is also known to 
favour chemical weapons. 

Only three of the commissioners would 
seem to have no preconceived ideas 
about binaries: retired Army General 
Richard Cavazos; Phillip John Bakes, the 
President of Continental Airlines, and a 
former Deputy Defense Secretary, John 
Gordon Kester. The chairman of the 
commission is a former Ambassador 
to West Germany and the USSR, Walter 
Stoessel. Perhaps most significant is 
the choice of Thomas J. Welch as the 
commission's Executive Secretary. Welch 
was recently appointed Deputy Assistant 
for Chemical Matters to the Secretary of 
Defense, leaving his post as Deputy Direc- 
tor for Doctrine at the US Army Chemical 
School. Before that he was an Associate 
Technical Director at Fort Detrick, the 



Will Haig and Brzezinski 
give the US Army the go- 
ahead to start unpacking 
canisters of binary nerve 
gas at Greenham? 



main US chemical weapons research estab- 
lishment. 

In the past, the hostility of European 
governments to chemical rearmament has 
swayed congressional votes, more 
especially because binaries were originally 
conceived with the intention of being 
deployed in Western Europe. In the eariy 
1 970s, they were seen as a way of answering 
criticism about the dangers of existing 
stockpiles in West Germany. Nerve gas 
Stocks there were estimated at about 1000 
tonnes. Among the advantages of binaries 
listed by US Army researchers at the Edge- 
wood Arsenal, New Jersey, were that they 
were "OCONUS (Outside Continental 
United States) Pre-position Acceptable". 

The army was particularly peeved, there- 
fore, when in 1974, Congress refused funds 
for initial development, mainly on the 
grounds that Europe did not want them. At 
that stage, efforts were concentrated on 
artillery shells for deployment in West 
Germany, but priorities have changed over 
the years. It has become clear that the West 
German government would resist any 
attempt to modernise or increase stocks on 
its soil. Now, in addition to the shells, the 
US has accelerated development of the 
Bigeye bomb, generally seen as intended 
for deployment in Britain. 

Anglo-American talks on chemical re- 
armament were held at various levels in 
1 980. The then US Secretary of Defense, 
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The 25-year countdown to Bigeye 



BINARY chemical weapons are 
designed to be safer than their prede- 
cessors because their chemical fillings are 
separated into two less toxic components. 
These mix together, inside the munition, 
en route to the target. The components 
can be stored separately, and loaded just 
before use. 

US research on binary weapons began 
in the 1950s, partly because the US Navy 
felt uneasy about the safety of storing 
chemical weapons onboard ship. In 1965, 
the Navy began its own binary 
programme to develop a bomb — the 
500-lb Bigeye which contains VX nerve 
gas in binary form. During the 1 960s. the 
Vietnam war and a series of accidents 
made chemical weapons increasingly 
unpopular. In one incident, 6000 sheep 
died from exposure to nerve gas near the 
Dugway testing ground in Utah. 

In 1969, President Nixon announced 
that the US would cease production of 
chemical and biological weapons, and 
work on Bigeye stopped. The period of 
detente between the superpowers led, in 
1972, to a treaty banning the production 
and stockpiling of biological weapons. 
Bilaterial talks on chemical warfare began 
in 1974 in parallel with the more general 
chemical disarmament talks in Geneva. 
In 1975, the US finally signed the 1925 
Geneva Protocol banning the use of 
chemical and biological weapons. 

In this atmosphere, the US Army 
Chemical Corps began pushing the binary 
programme as a way of making chemical 
weapons "safe" and acceptable. The 
Army drew up plans in 1973 for the 
procurement of binary artillery shells, and 
the Bigeye programme was restarted as a 
joint Army-Navy venture. But Congress 
refused to allocate the money. 

By the late 1970s, however, attitudes- 
had changed. Memories of Vietnam had 
faded and the Soviet Union's invasion of 
Afghanistan encouraged a new "cold 
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The 155-mm shell for binary nerve gas 




Will US chemical weapon stores dot the English landscape? 



war" atmosphere. In 1 980, the newly elec- 
ted President, Ronald Reagan, made 
known his commitment to chemical rear- 
mament. Bilaterial talks with the USSR 
were suspended amid reports (still uncon- 
firmed) that chemical weapons supplied by 
the Soviet Union had been used in 
Afghanistan and Southeast Asia. 

Congress voted money to build a plant at 
Pine Bluff Arsenal to produce the filling for 
binary munitions. But while Congress has 
continued to vote funds to complete Pine 
Bluff, it has baulked at allocating funds for 
weapons procurement. This would, it felt, 
signal a new chemical arms race. For the 
past three years. Congress has refused 
Reagan's requests for money to begin full- 
scale production of binaries. 

The weapons in question are 500 000 



rounds of 155- 
millimetre howitzer 
shells (M687) filled 
with binary sarin 
nerve gas (GB2) and 
40 000 500-lb Bigeye 
bombs (VX2 Spray- 
bomb BLU-80/B). 
Components for GB2 
are two liquids: 98 
per cent methylphos- 
phonyl difluoride 
(DF) mixed with 2 
per cent NN '-diiso- 
propylcarbodiimide 
as a stabiliser, and 72 
per cent isopropyl 
alcohol mixed with 
28 per cent isopropy- 
lamine (KZ) as a 
reaction promoter. 
Both are relatively 
stable in storage. 

For Bigeye, the 
components are a 
liquid and a solid: 
Ethyl 2 diisopropyla- 
minoethyl methyl- 



phosphonite (QL) mixed with the same 
stabiliser; and powdered rhombic sulphur 
(NE). These components are less stable in 
storage and Bigeye has had some tech- 
nical problems as a result. Other binary 
weapons are being developed. A new, 
still-secret class of nerve gas was discov- 
ered in 1971 — an "intermediate volatility 
agent" which will eventually replace both 
VX and GB. The components of these 
binary weapons, which are less toxic than 
the original nerve gas are by no means 
harmless. DF, for instance, are as 
poisonous as strychnine. But the 
proponents of binaries no longer depend 
simply on the safety arguments. Now they 
stress the need to modernise and increase 
US stocks to maintain parity with the 
USSR as a deterrent. □ 



Harold Brown, publicly 
June of that year that 
acquire chemical weapons 
Prime Minister Margaret 



suggested in 
Britain should 




Thatcher denied that Britain had any plans 
to do so, although she expressed her 
concern about the Soviet chemical threat. 

Over the past few years, British efforts 
have been concentrated on the disarma- 
ment talks in Geneva. This is a genuine 
strand in Britain's foreign policy. But in the 
absence of a treaty banning chemical 
weapons completely, Britain has long been 
committed to hosting binary nerve gas 
munitions once they are in production. 

This British commitment has been delib- 
erately played down during the controversy 
over the deployment of cruise missiles. 
Now that cruise is safely installed at 



The US is already developing chemical warheads for missiles 



Greenham Common, it seems that the 
British authorities have decided that they 
can take on the binaries issue. This is the 
message that the Presidential commission 
has taken back to Washington. 

If Congress votes to release the money, 
Bigeye bombs will start rolling off the pro- 
duction lines in 1989. The most likely 
locations for their deployment would be 
the USAF bases at Lakenheath and Upper 
Heyford, where F- 1 1 1 bombers are 
stationed. Last year. Congress voted $2-4 
million for the construction of 10 
"munitions storage" igloos at Lakenheath. 
Initially, however, the chemicals would 
probably be brought into the main USAF 
storage depot at RAF Welford. In times of 
emergency they would be brought up to 
"intermediate resupply points" within 20 
miles of the bases. In the longer term, the 
US is developing chemical warheads for 
cruise missiles; and these would be 
deployed at Greenham and Molesworth. 
The US's soldiers at Greenham are already 
being trained to cope with chemical as well 
as nuclear accidents. Nuclear, chemical 
and biological defence equipment and shel- 
ters are already in place. □ 
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Chemistry between the stars 

Radio astronomers have revealed that the space between the stars forms a vast 
laboratory where chemical reactions previously unknown on Earth take place. But these reactions can 
be explained in terms of the extreme conditions: the laws of chemistry as we know them 

are true throughout the Galaxy 

Tom Millar and David Williams 



THE EMPTY space between the stars is a very good 
vacuum, by laboratory standards, but it is far from 
being devoid of matter. Astronomers have known for 
decades that interstellar space contains small particles of dust 
and also tenuous gas, mainly in the form of hydrogen atoms. 
However, few researchers 
believed that molecules could 
exist in interstellar space, 
because it seemed that ultra- 
violet radiation from hot stars 
would break the chemical 
bonds and dissociate them 
into atoms. 

In the past 15 years, radio 
astronomers have therefore 
caused something of a revolu- 
tion in astronomy by discover- 
ing molecules in space — not 
just a few kinds, but an 
amazing variety. The total 
now stands at something like 
60 different molecules (Table 
1). They range from the 
simplest and most familiar 
molecules, such as molecular 
hydrogen (Hi) and carbon 
monoxide (CO), to large and 
exotic species such as HCnN, 
not previously known in the 

'^^tPiT^^^'^" II • i_ Dark clouds in Monoceros are a cosmic test tube 

These molecules must be 
formed by chemical reactions in space. Their detection has 
raised many fascinating problems both for chemistry and for 
astronomy. Chemists may now regard interstellar space as a 
vast natural laboratory, in which they can examine the results 
of chemical reactions occurring at densities and temperatures 
that they usually cannot attain in the laboratory on Earth. 
Because these conditions are so different from those that 



chemists normally deal with, it is not surprising that some of 
the molecular radicals (for example, OH or CH) have only a 
fleeting existence at atmospheric temperature and density. In 
interstellar space where densities are very low, different kinds 
of chemical reaction tend to predominate, and substantial 

populations of these relatively 
unfamiliar species can build 
up. In principle, the molecules 
in space can tell the chemist a 
great deal about various types 
of reaction that occur in these 
unusual conditions. 

For the astronomer, the 
radio emissions from these 
molecules can reveal the 
physical conditions of their 
environment. They show that 
the interstellar medium is an 
exciting, dynamic place, a 
reservoir from which stars are 
formed, and to which the stars 
eventually return their "ashes" 
of nuclear burning. Recent 
observations of the molecules' 
radio emissions are helping 
astronomers to study the 
intimate details of how stars 
form {New Scientist . I March 
1984, p 12). This information 
comes from the relative 
strengths of radio emission at 
the various wavelengths (spectral lines) that a particular 
molecule can emit. 

The spectral lines from most molecules are produced by the 
molecule changing the rate at which it is spinning round. The 
molecules are set spinning by collisions with molecules of 
hydrogen, the most abundant species. A comparison of the 
strengths of the spectral lines can therefore reveal how 
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Table 1: The molecules in space 



Number of atoms: 
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This list includes all llie molecules that are currently known in interstellar space, 
hut it does not contain some molecules (for example SiCC) that are found only in 
dust shells ejected from stars, nor molecules that differ by containing a different 
isotope (such as deuterium for hydrogen) 



Cort?n4 gas 
1000 000 K . 
' less tranO-01 atoms cm 
no motoajl89 




'Coma 

10K 

1000- 10000 atoms cm" mavmolacutos 



Figure 1 Gas occurs in a wide range of conditions 
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frequently and how forcibly the molecules are being hit by 
hydrogen molecules, and hence can provide information on 
the density and temperature in a particular region of the 
interstellar gas. Carbon monoxide turns out to be especially 
useful for this purpose. By this means, astronomers have 
discovered the typical conditions in various regions in inter- 
stellar space (Figure 1). 

But the radio spectra potentially hold much more informa- 
tion. If we can understand the underlying chemistry which 
gives rise to the observed molecules, we can ascertain in great 
detail the conditions in these regions of space. This detail 
includes, for example, the relative abundances of different 
elements there, the intensity of ultraviolet and other radia- 
tions in the region, and the flux of high-speed charged 
particles (cosmic rays). We should also be able to predict what 
other molecules, as yet unobserved, we might detect. To 
achieve all this we require a mathematical model of consid- 
erable complexity, and also a massive amount of chemical 
data. Experimental and theoretical chemists have risen splen- 
didly to this challenge, and much new chemistry has emerged 
as a result of the astronomical 
stimulus. Interstellar chem- 
istry has attracted a lot of 
interest and has become a 
rapidly developing, exciting 
branch of astronomy. 

There are two problems in 
forming and maintaining the 
observed abundance of mole- 
cules in the low densities of 
interstellar space. First, the 
interstellar medium is bathed 
in starlight, especially from 
bright stars that emit most of 
their energy at ultraviolet and 
visible wavelengths. This radi- 
ation is sufficiently intense and 
energetic to break most of the 
molecules down to atoms in 
about 1000 years, a relatively 
short time in astronomical 
terms. Secondly, because 
collisions between atoms and 
molecules must be infrequent 
in these low-density re^ons, 
they must react two at a time. 
The efficient three-body 
reactions which dominate our 
earthly existence can play no 




part in interstellar chemistry. 

Fortunately, nature finds a way round these problems. The 
^ains of interstellar dust provide shielding against the radia- 
tion. These small particles are mixed with the gas throughout 
the interstellar medium, and in the denser gas clouds the dust 
is correspondingly more concentrated. In a typical cloud, 
detected by the radio emission from carbon monoxide, the 
intensity of ultraviolet and visible light is reduced to less than 
1 per cent of its intensity in normal interstellar space. What 
these grains are made of does not concern us here; their 
nature is still controversial {New Scientist, 28 February 
1982). All we need to know is how strongly they extinguish 
starlight, and astronomers can determine that from obser- 
vations. 

The next problem is to find reaction routes that are suitably 
efficient. In our mathematical model, we must plan a series of 
reactions, starting with the elements that we know to be most 
abundant in the interstellar medium (Figure 2). This series of 
reactions must ultimately provide the observed molecules. 
Unfortunately, the simplest reaction between two atoms 
A and B 

A -I- B AB 
is usually followed at once by 
AB-^ A + B 
In other words, the atoms A and B usually 
bounce apart. We need more complicated 
types of reaction, usually involving ionised 
atoms or molecules. 



The radio telescope (above) at Kin Peak, shows 
^Figure 2 right) that the proportions of elements 
relative to hydrogen is less in space (hatched) than 
it is in the Sun (grey)— the residue is in solid 
grains. Hot stars (below left) destroy molecules 




1: Shocking conditions in interstellar space 




A PRIME example of failure in simple 
models of interstellar chemisty is the 
molecule CH*. Optical astronomers dis- 
covered this molecule in the diffuse inter- 
stellar gas back in 1 94 1 by its absorption of 
light from distant stars, but its origin is still 
far from clear. Our chemical model fails by 
a factor of 100 to account for the high 
abundance of CH* observed towards a 
number of stars. Factors of 3, or even 10, 
we might swallow, but factors of 100 give 
severe indigestion. 

The main problem with CH* is that it is 
destroyed rapidly by two reactions that 
have been well studied in the laboratory: 
CH* + e" — C + H 
CH* + H: — CH% + H. 
The obvious formation route: 

+ Hj — CH* + H 
is very slow at the low temperature of inter- 
stellar clouds. But. if the temperature could 



be raised to around 2000K, this formation 
reaction would be fast and would lead to 
substantial amounts of CH*. 

This kind of argument led Bill Watson 
and Moshe Elitzur. in Illinois, to suggest 
that shock waves in the interstellar gas 
could have a significanl eflccl: ihcy could 
perhaps raise the temperature of the gas 
sufficiently to drive this reaction. Shocks 
occur wherever there are supersonic 
motions in a gas. and the interstellar gas is 
stirred by many kinds of violent events, 
such as the explosion of supernovae and 
fast "winds" from young stars. 

Other evidence has since supported the 
idea of interstellar shocks, especially 
infrared observations of regions where the 
hydrogen molecules are vibrating. The 
chemistry is thus telling us that the 
interstellar medium is a very turbulent 
place. □ 
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To work out the molecules we expect to find in an inter- 
stellar cloud, we can start by writing down a list of the 
important chemical reactions that we think are occurring in 
a particular type of cloud, with the rates at which the reac- 
tions proceed. Any particular molecule is formed in a number 
of ways: for example, the hydroxyl radical (OH) is formed by 

H3O* + e" — OH + H: and H.O + hv -.► OH + H 

(where e" is an electron, and hv represents radiation). Mole- 
cules are destroyed in a variety of ways, too. For hydroxyl, we 
have 

OH + hv — O + H and OH + — CO + H* 
If we know the rate coefficients of all the reactions, and the 
abundance of all the species at a particular time, then we can 
write down the total formation rate of hydroxyl and the total 
destruction rate of hydroxyl at that time. It is not difficult, 
then, to find the abundance of hydroxyl at a later time. We 
can do this for all the species involved, starting with the initial 
values of all the atomic and molecular abundances that we 
expect to find, when it forms from tenuous interstellar gas, in 
our cloud, and then calculating step by step how the abun- 
dances change with time. 



Alternatively, we can look instead for the equilibrium solu- 
tion, the mix of molecules we should find when the chemistry 
is in a steady state and the formation and destruction of all 
sjjecies are just in balance. This should give the same result as 
the first approach, when we allow the time for the reactions 
to increase indefinitely. Indeed, this is what we find. The 
equilibrium is easier to calculate and so we prefer to work out 
the abundances of molecules this way. 

To perform a calculation like this, we must put in values 
for many of the factors that influence the reactions, including 
the intensity of the radiation that disrupts molecules, the flux 
of cosmic rays that ionise elements, the relative abundance of 
elements in the cloud and so on. We make educated guesses 
about these parameters, perform the calculations, see how the 
molecules we produce compare with the results of obser- 
vations. Then we explore the way in which our results change 
as we alter the values of the parameters that we began with. 
In this way, we hope to get good agreement eventually with 
the observations (for reasonable values of the various param- 
eters). These calculations can be quite complex. The largest 
has some two hundred molecules involved in about two 
thousand reactions, although we usually prefer to work with 



2: How to build big molecules in space 



SOME LARGE molecules are built up by 
a succession of reactions. For a start, 
anything tiiat can react with H: will do so, 
because of the preponderance of H: in these 
clouds. This is a rapid reaction, but it 
does not apply to neutral molecules and 
radicals (unless they arc heated by a shock 
wave), and only certain ions are able to 
react. 

After this, we come to some slower 
processes. One of the most important is 
radiative association. Although we said that 
A + B AB is usually unimportant for 
atoms, it can be a fast process if A and B are 
molecules containing several atoms, 
because the energy of stabilisation is now- 
shared between a number of chemical 
bonds. If one of A or B is an ion. so much 
the better, since longer range electrical 
forces increase the rate of collision. The 
process; 

CH/ + R — CH3R' 
where R is a molecule containing several 
atoms (for example water, H:0) is so fast 
that it may occur on everv' collision. The 
new ion will probably react rapidly with an 
electron. and undergo dissociative 
recombination: 

CH,R" + c -* CH: R + H 
These two reactions thus form an efficient 
route for adding a methylene group (CH>) 
to the original molecule R. Such processes 
may lead, for example, to methyl and ethyl 
versions of simpler molecules: 

HCN — CH,CN — CH,CH,CN. 

H O - CH,0H - CH,OCH, 
and H.O — CH,OH — CH3CH:dH. 
All these species have been observed and 
evidentally arise from the HCN and H:0 
formed in the simpler chemistry described 
earlier (Figure 3). 

But not all the molecules in Table 1 fall 
into these categories. The most unusual 
sequence of molecules is that of the 
cyanopoly-ynes. H-(C=C)„-CN, where n 
lies in the range 1 to 5. Many of these were 
identified by astronomers at Algonquin 
Radio Observatory, Canada, in association 
with the University of Sussex chemist 
Harry Kroto. Even more surprising is the 
trend in abundances in the poly-ynes. 



Usually, heavier molecules are much 
scarcer than light ones, but here the abun- 
dances drop by only a relatively small 
amount (about a factor of three) from one 
member of the sequence to the next. This 
indicates that there must be an efficient 
scheme for adding carbon atoms into 
hydrocarbons. 

Chemists have studied carbon insertion 
reactions in the laboratory. We can, for 
example, add carbon efficiently to the acet- 
vlene molecule in the form of its ion: 

C* + C:H: -*■ C,H" + H 
What happens next is crucial. If the 
dissociative recombination 

C,H^ + e" - C, + H 
occurs, the sequence stops here, because 
carbon insertion doesn't work unless there 
is an H atom to spit out. However, if the 




The 42-meiic iaUu> icicscupc at Algonquin, 
Canada, searches for cyanopoly-ynes 

electron abundance is not too high, then Hj 
can associate with the CjH* to give C3H3* 
before recombination. When this ion 
recombines, it gives CjH, and we have a 



new, neutral hydrocarbon on which carbon 
insertion can occur 

C* + C,H — C: + H 
so forming a yet longer chain. We can see 
from this that conditions in the cloud 
control whether carbon chains keep grow- 
ing, or stop at an early stage. 

Reactions of other types (the so-called 
condensation reactions) can add whole 
groups to molecules. For example, labora- 
tory experiments show that the reaction: 

C:H,^ + C:H: — CM\ + H. 

is fast. It adds two carbon atoms to the 
carbon chain. 

Atom exchange reactions such as 

RH* + N-* RN* + H 
may occur readily enough to insert nitro- 
gen or other atotris into a molecule. With 
reactions of these types, we can devise plau- 
sible routes to many of the larger molecules 
in Table 1. Unfortunatelv, there are no 
measured rates for many of these reactions, 
so there is a big uncertainty about the 
guesses we must make. 

We can summarise the suggested routes 
for forming the small cyanopoly-yne HC,N 
in the following diagram, along with the 
related species CjH and CiN that are also 
found in interstellar clouds. Detailed 
modelling shows that the reaction between 
CjHj* and N is the most important path- 
way to HjCiN* and thence to CiN and 
HC3N. We can draw up similar routes for 




* CjN 



HCN f 



This reaction network converts acetylene to 
CjH, CiN and the cyanopoly-yne HCjN 

the production of HC5N, but the lack of 
any relevant laboratory data prevents us 
from making a useful comparison between 
theory and observation. □ 
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Dense clouds abut the Omega Nebula 



THE CLOSE interaction between obser- 
vers, theoreticians and experimental- 
ists is nicely illustrated by the recent identi- 
fication of a new interstellar molecule, 
CjH. Radio astronomers at the Onsala 
Space Observatory in Sweden had found 
two new spectral hnes in the expanding gas 
around the old star IRC+ 1 02 1 6. Guided by 
quantum mechanical calculations by 
Sheldon Green in New York and David 
Cooper in Harvard, they tentatively identi- 
fied the lines as coming from CjH. 

In a parallel development, Bohme in 
Toronto and Adams and Smith in 
Birmingham were performing laboratory 
experiments that indicated the radiative 
association reaction 

C3H* + H2 — C3H3* + hv 
was fast. In Manchester, our detailed 
chemical models showed that when this 



3: Tracking down a molecule 

reaction was followed oy 
recombination: 



a Associative 



C3H3* + e" C3H + H2 
it could lead to the efficient formation of 
C3H in the gases around IRC+10216. 
This gave chemical support to the tentative 
identification. 

The model calculations also showed that 
similar chemistry should occur in Taurus 
Molecular Cloud 1, and that this should 
also show emission from C3H. In June 
1984, the Swedish astronomers deteaed 
several emission lines in the Taurus cloud 
which agreed with the C3H lines in 
IRC+ 10216. This identification was finally 
made secure when Pat Thaddeus and his 
co-workers in New York were able to 
obtain the first microwave spectrum of 
C3H in an experiment that they performed 
in the laboratory. □ 



simpler chemical networks. Because of this complexity, and 
because we must try many numerical experiments to fix the 
observations, such calculations are best performed on a large 
computer (Figure 3). 

Once we have a good agreement between our computer 
results and the observations of a particular interstellar cloud, 
we can say we have a "chemical model" of the cloud. But we 
can never claim to have a unique solution to the state and 
composition of the cloud, partly because the abundance of 
molecules that we can derive from the observations is always 
rather uncertain, and partly because other combinations of 
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Figure 3 Carbon reacts by colliding with other molecules, cosmic rays (c.r.) and 
electrons. Boxed species have been found in space: those circled are undetected 

parameters in the model would give similar results. We can 
only claim to have a model that is consistent with the obser- 
vations. Nevertheless, the technique is successful in produc- 
ing a plausible description of interstellar clouds. The occa- 
sional lack of agreement can point us to unusual physical 
conditions in the gas (Box 1). 

These chemical networks lead us only to the simpler inter- 
stellar molecules. What about the larger molecules found 
recently? Although our knowledge of these chemical path- 
ways is less secure, recent work by Eric Herbsl, in North 
Carolina, and by one of us (Tom Millar) has established some 
general paths, founded on the beautiful laboratory work of 
David Smith and Nigel Adams, in Birmingham, and 
Diethardt Bohme, in Toronto (Box 2). The study of these 
clouds provides many examples of the fruitful interaction of 
the observers, the theoreticians and the laboratory workers 
(Box 3). 

Taurus Molecular Cloud 1, for example, is a cold, dark, 
isolated, and quiescent dust cloud which contains a wide 
variety of molecules. To date, radio astronomers have 
detected some 28 different species in this cloud, and it is a 
good object for us to attempt to model mathematically. Tom 
Millar and Tony Freeman, in Manchester, have performed 



the simplest tyF>e of calculation (the equilibrium solution), 
and their results are in surprisingly good agreement with the 
observations. That is, for reasonable values of all the astro- 
physical parameters that we can choose (the radiation 
intensity, the cosmic ray flux, and so on) we can obtain abun- 
dances for almost all the molecules that are within a factor of 
five of the observed abundances. This may not seem like good 
agreement, perhaps, but it is the best that current models can 
achieve. 

We call this agreement "surprisingly good". Why? The 
reason is that we know perfectly well that the model ignores 
a number of factors. The main problem is 
whether the cloud has time to reach a state of 
chemical equilibrium. A calculation that 
follows the changing abundances of molecules 
in this cloud shows that more than 30 million 
years must elapse for the chemistry to come 
into equilibrium (Figure 4a). There are good 
astronomical reasons for believing that some- 
thing should have happened to the cloud 
during this fjeriod. This was ample time for it 
to collapse under its own weight, or, alterna- 
tively, to disperse and become a large diffuse 
cloud; to collide with another cloud, or suffer 
an impact from an interstellar shock. But it 
seems unlikely that it has sat quietly for 30 
million years, in exactly the same physical 
state, waiting to come into chemical equilibrium. 

This suggests that there are other processes going on. There 
is indeed one process which is often ignored, an yet which 
may be overwhelming in its importance. It concerns the 
grains. 

When hydrogen atoms strike the surfaces of grains, they are 
converted to hydrogen molecules, which then evaporate back 
into the surrounding gas. But the grains are so cold that most 
other molecules condense on to them. In time, all the mole- 
cules must collide with a dust grain. The rate of accretion is 
surprisingly short. In the Taurus dark cloud, for example, we 
would expect half the gas to condense out after only 100 000 
years. With a half-hfe this short, no molecules should be 
detected in such a cloud after, say, two or three million years 
(Figure 4b). Molecular abundances would then become 
excruciatingly sensitive to the age of the cloud. The fact that 
we do detect molecules in dense clouds therefore requires 
some explanation — and it is the basis of much discussion 
among interstellar chemists at the present time. 

Some researchers argue that accretion does not work in this 
way, and that there are removal mechanisms helping to keep 
molecules off the grain surfaces and in the gas. Mayo Green- 
berg and his colleagues, in Leiden, have suggested that the 
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Figure 4 (a) Reactions change the amounts of atoms and molecules 
towards equilibrum (1); hut (h) grains should mop them up 

molecular mantle that begins to build up on a grain is ener- 
gised by ultraviolet radiation and cosmic ray particles. The 
mantle therefore contains a population of reactive radicals. 
Eventually, an adjacent pair of radicals will recombine; the 
energy released heats up the whole mantle, so triggering off 
reactions between all the other radicals; and the ensuing 
microexplosion returns some of the mantle materia! to the 
gas. Waiter Duiey, in Toronto, has put forward an alternative 
idea. He argues that reactions at grain surfaces between pairs 
of atoms (or between atoms and molecules) release enough 
energy more or less continuously to keep the grains clear of 
absorbed molecules. Both these mechanisms are interesting, 
because they suggest that reactions at grain surfaces, in one 
form or another, play a crucial role inside dense interstellar 
clouds. Wilfried Boland and Teije de Jong have put forward 
an alternative idea. They suggest that turbulence in the cloud 
may be continuously dredging up material from its dense 
interior, where the grains have accreted mantles. When these 
grains reach the edges of the clouds, they are exposed to 
radiation from stars beyond, which evaporates the mantles. 

Another possibility, explored by Tom Hartquist, in Mary- 
land, and one of us (David Williams), is that accretion does 
actually occur, and the grains do acquire an appreciable 
mantle over a period of a million years or so. Eventually, 
however, interstellar shock waves will disrupt the clouds and 
return the fragile mantle material to the gas, partly as mole- 
cules and partly as atoms. Obviously, this mechanism means 
that any cloud where we observe molecules must have been 
shocked (even lightly) in the last few million years. There is 
some evidence to support this viewpoint. Many cold clouds 
show evidence for surprisingly fast gas motions, which could 
be due to a shock, and also an unexpectedly high abundance 
of carbon atoms, which could have been shaken free from 
disrupted grain mantles. 

It remains to be seen which of these pictures turns out to be 
correct; possibly, a combination will be required. But it is 
very exciting that grains — so long ignored in interstellar 
chemistry — now seem to play a major role, linking chemistry 
with the dynamics of the cloud and significantly modifying 
the cloud's evolution. For all the grains accomplish in the 
interstellar medium, however, they remain an enigma, and 
their role will not finally be clear until we fully understand 
their nature. 

This linking is the latest example of the immensely bene- 
ficial interaction of chemistry and astronomy that has flour- 
ished in recent years. The astronomers' insatiable demand for 
chemical data has stimulated chemists to major new efforts. 
Indeed, in the short history of the subject of interstellar chem- 
istry, the response of both laboratory and theoretical chemists 
to this stimulus has been remarkable. Chemistry has helped 
to show astronomers the wealth of information locked up in 
molecular observations, and has demonstrated the exciting 
range of conditions present in the interstellar medium. 
Finally, interstellar chemistry allows us to conclude that the 
laws of chemistry are the same all over the Galaxy, and are 
probably universal. □ 



Dr Tom Millar is a lecturer in the department of mathematics at the 
University of Manchester Institute of Science and Technology, where 
Dr David Williams is professor of theoretical astrophysics. 
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Optical memories for home computers 

Computing, sound and video all need cheap ways to store huge amounts 
of information. So far, each has used a different method. Now video and audio discs 

are being adopted as computer memories 

Barry Fox 



THE REVOLUTION in 
"information technol- 
ogy" follows from one 
simple fact. It is cheaper and 
faster to send data down a wire 
than it is to move people or 
pieces of paper round the 
world. 

The Economist magazine 
prints simultaneously in 
Britain and the US. At first, a 
lucky courier made a day trip 
from London to New York by 
Concorde, carrying photo- 
graphic film for the printed 
pages. Now the text is beamed 
as digital code by satellite link 
to the printer in Connecticut: 
only back-up copies are sent 
by air in an envelope. This 
summer, the Financial Times 
will use a satellite link between 
London and the US to send 
the editorial content in digital 
code at 64 000 bits of informa- 
tion a second, and so will be 
able to print simultaneously in 
both countries. The British 
Library has signed an agree- 
ment with the European Space 
Agency to develop the "Apollo 
link", an electronic document 
delivery service. Extracts from 
books stored at the British 
Library's lending division at 
Boston Spa in Yorkshire will 
be optically scanned, the read- 
out converted into digital code 
and beamed by satellite to dish 
aerials on the roofs of libraries around Europe. There the data 
will be decoded and printed as an exact copy of the Boston 
Spa text. 

There is no point in converting images and text into digital 
code if the digits cannot be cheaply stored, easily found, and 
then quickly converted back into a replica of the original 
image and text. Equipment with these qualities must also be 
robust and simple to operate. 

There have been predictions of gramophone records and 
video recordings on a chip. This is a nonsense which may 
create the impression that text stores on chips will be cheap. 
Solid-state storage remains expensive and limited in capacity, 
when compared with media that move physically past a 
record and readout station. Even a 1 -megabit RAM chip, 
promised but not readily available, could store only one 
second of hi-fi stereo music in digital code. Compression 
techniques, which ensure that only changes in the music are 
recorded, reduce the number of bits needed, but the 
1 -megabit chip could still oflFer only around one minute of 
playing time. Without data-compression, one second of video 
action on a colour TV would need 100 RAM chips of one 
megabit each. With compression and redundant information 
thrown away, the number might drop to 10. 




A file that records images of pages on an optical disc and 
reproduces them on a screen or as typed or facsimile pages 



The codes for data storage 
use 8-bit bytes, or words, to 
represent one letter, digit or 
simple sign. A 1 -megabit 
RAM, capable of storing 
1 048 576 bits of information, 
can thus contain 1 3 1 072 
letters of the alphabet. Taking 
into account spaces and punc- 
tuation, which must be also 
registered by stored code, even 
a 1 -megabit RAM can hold 
only between 10 000 and 
20 000 words of real text. This 
is equivalent to around half a 
dozen feature articles in New 
Scientist. Most important, 
RAMs are volatile: everything 
is lost when power to the chip 
is switched off. 

Regularly, like the first 
cuckoo in spring, the 
computer industry promises 
cheap, non-volatile memory 
from magnetic bubbles. A slice 
of iron oxide with traces of 
rare earth added can store data 
semipermanently as a pattern 
of local magnetic domains. 
But the electronics industry 
has lost fortunes on bubbles, 
for the technology is never 
quite cheap enough to wean 
people away from using RAM, 
as a buffer memory, and other 
media for storing data in bulk. 

Engineers are constantly 
increasing the amount of data 
they can record on moving 
magnetic media. There is no sign yet of any limit, and the 
process is comparatively cheap. The density of recording is 
directly related to the shortest wavelengths that a recording 
medium can resolve: the shorter the wavelength, the higher 
the analogue frequency and the faster the stream of digital bits 
the medium can capture and reproduce with accuracy. A 
medium capable of resolving small wavelengths and rapid 
pulse streams can be moved slowly under the recording head, 
and is thus cheaper. It also offers more efficient access, 
because it is quicker to search through a short length of 
densely packed recording than through a large area of widely 
spaced information. 

At the turn of the century, when Danish engineer 
Valdemar Poulsen first recorded sound magnetically on 
metal strip, the shortest wavelength he could capture was one 
millimetre. The first magnetic recording tape made by BASF, 
in Germany, in the mid- 1 930s, could capture a wavelength 10 
times smaller: one tenth of a millimetre or 100 micrometres. 
The first video recorders developed for broadcasting in the 
1950s again improved wavelength resolution by a factor of 
10. Modem domestic video recorders represent a further 
tenfold jump: a VHS or Beta recorder must accurately resolve 
signals of one micrometre wavelength to capture colour TV 
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signals with a bandwidth of around 4 MHz. The latest domes- 
tic machines, from Sony, use 8 mm tape to record colour TV 
and hi-fi sound. The wavelength capture is down to 0-7 
micrometres. The original broadcast video recorders, some 
still used today by television stations, gobbled 12 192 square 
centimetres of tape a minute; the Sony hand-held portable 
consumes only 50 square centimetres a minute. 

A video system capable of recording colour TV signals can 
easily cope with a digital data stream of several million bits a 
second. It makes no difference to the system whether the bits 
are encoding sound or text. For a few hundred pounds, a hi-fi 
buff can buy an adaptor which converts analogue audio into 
digital code and stores it on domestic video tape. A domestic 
video cassette, or one of the new digital audio cassettes 
expected soon from Japan, could easily offer bulk storage of 
computer data or digitised text at a cost per bit hitherto 
undreamed-of 

Vertical magnetic particles 

Philips uses similar technology to the British Library for its 
Megadoc office document store. Around 4 million data bits 
are needed to take an "electronic photograph", capturing all 
the detail from one finely printed black and white A4 sheet of 
text and pictures. The number of bits can be reduced for 
storage, by compression techniques which — like audio and 
video compressors — throw away redundant information. But 
even without compression, a domestic video cassette, which 
runs for three hours and now costs only £5, could store more 
than 10 000 high quality images of A4 page. With bit 
compression, the number rises at least 10-rold to 100 000 
pages. So a single domestic video cassette, normally used to 
tape a film from television, could be used to store around 300 
printed novels. The new 8-mm video cassette, no lareer than 
a conventional audio cassette, has a similar capacity. So, even 
existing technology would allow a family to store all its books 
in a coat pocket. 

The newest type of magnetic tape, developed for domestic 
video and digital audio recorders, has a very thin coating of 
magnetic material which is evaporated and deposited on the 
plastic film base. The coating is just 0- 1 micrometres thick, 
one twentieth the thickness of a conventional tape coating. So 
even more tape can be spooled into a housing of standard 
size. This development is only a halfway house. The next 
generation of tape and tape recorders will exploit the tech- 
nology of vertical or perpendicular recording. All existing 
magnetic media rely on particles which lie predominantly 



horizontal or in the plane of the disk or tape. If the particles 
can be made to stand vertically, then density can be 
increased, just as it is easier to fit more people in a room if 
they stand up than if they lie down. Also, with vertical orien- 
tation, the magnetic particles are not so likely to demagnetise 
their neighbours. 

Toshiba in Japan has already started to supply samples of 
a magnetic powder, with particles of barium femte only 0 08 
micrometres in diameter. The powder will be used to coat 
tapes or disks for vertical recording. Recording density is 
more than 4000 bits per millimetre, which represents a wave- 
length resolution down to 0-25 micrometres. 

For ease of access, magnetic disk storage remains a more 
attractive proposition than tape. The recording head can 
skate rapidly across the surface to any part of the data stored. 
This technology, too, is nowhere near its limit. 

Home computers store data on floppy disks, with a 
magnetic coating similar to that of tape deposited on a plastic 
base. The best floppy disks record at a density of around 3000 
bits per centimetre. This provides around 500 kilobytes (or 
about 500 000 text characters) on each side. Large, powerful 
computers use hard disks, commonly called Winchesters, 
after the code name IBM gave the project when it was still 
secret. A Winchester is a rigid aluminmm disc polished to 
mirror finish and coated with a very thin layer of magnetic 
oxide. A small Winchester stores around 10 megabytes. 
Mainframe computers dump their data into units which gang 
several Winchesters together. The latest Hitachi disk storage 
unit, which in Japan costs more than 1 million yen (£3000) 
a month to rent, offers 5 gigabytes of memory. This is equiv- 
alent in capacity to one pocket-size video cassette. Access 
times are not comparable of course, but for applications 
where slow access is acceptable, library storage for instance, 
the video tape may prove suitable. Few computer enthusiasts 
have yet seen the possibilities. The worlds of audio, video and 
computing remain curiously isolated even though their tech- 
nologies are closely related. 

Higher-density floppy disks will soon appear on the market. 
The conventional coating of magnetic ferric oxide will be 
replaced by pure iron metal powder which can resolve more 
detail and thus store more information. A 9-cm floppy coated 
with metal particles can store several megabytes on each side. 
3M in Minnesota has developed a new technology which is a 
cross between a Winchester and a floppy. A round disk of 
tough plastic material has moulded rims around the centre 
hole and outside edge. A thin sheet of plastics, coated with 



Why solid-state memories are expensive to make 



RANDOM-access memory 
chips, or RAMs, capable of 
holding 1 -megabit of informa- 
tion, are under development. 
Philips and Siemens are engaged 
in a joint venture, the Mega 
project, to develop a 4-megabil 
RAM — no mean feat. Philips says 
it will take another 3 years before 
production can begin. 

In the 1970s microchip manu- 
facturers were proud to produce a 
memory of several kilobits capac- 
ity with the circuit lines 6 micro- 
metres apart. Today's memories, 
of much less than 1 -megabit 
capacity, are mass-produced with 
lines 2 micrometres apart. The 
next generation of chips will 
demand the routine production of 
line detail below the micrometre 
mark. Philips and Siemens aim 
for 0-7 micrometres, ITT is look- 
ing at 0-5 micrometres. 




Clean room stiils protect the chips from flaking chip-makers. 
One hair is enough to destroy dozens oj circuits 



This is so close to the wave- 
length of the ultraviolet light used 
for lithography in chip factories 
that closer spacing can only be 
achieved by drawing the lines with 
an electron beam -just as an elec- 
tron microscope is needed to 
resolve detail too small for a 
conventional light microscope. 

With components measuring 
less than a micrometre, it 
becomes almost impossible to 
filter air and water to the neces- 
sary cleanliness. One speck of 
human hair obliterates more than 
50 circuit lines. At least half the 
chips made are useless. The 
design and drawing must, of 
course, be handled by computer, 
and a program to layout a megabit 
chip must handle 50 million geo- 
metric details. Such complexity 
makes RAM chips both difficult 
and expensive to manufacture. □ 
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magnetic material, is then stretched tight as a drum over these 
rims so that there is a narrow air gap underneath. 3M calls the 
technology stretched surface recording (SSR). 

The SSR disk is sufficiently rigid to spin at Winchester 
speed of 3600 revolutions per minute, instead of the few 
hundred normally regarded as safe for a flimsy floppy. The 
SSR head normally skims lightly over the surface. Because 
the magnetic coating is on a resilient skin, it does not matter 
if the recording head hits a speck of dirt and bounces down on 
the surface. A crash like this would ruin a Winchester, where 
the head must normally float on a cushion of air over the very 
thin and fragile coating. At 3M's research labs in Minnesota, 
cheap SSR disks runnmg in modified Winchester drives are 
storing around 10 megabytes per side, equivalent to 
expensive hard disks. 

The switch from conventional horizontal magnetic record- 
ing to perpendicular or vertical technology would increase ten 
fold the data storage available from floppy and SSR disks. 
Home computers would be able to store 100 megabytes of 
data on a single side of a 9-cm disk. 

Optical storage 

Sony, Canon and Matsushita have all borrowed from the 
technology of floppy disks to make cameras which capture a 
still picture as a video image on miniature magnetic disk 
instead of on film. Prototypes were used at the Olympic 
Games, where photographers could send their pictures back 
to Japan by telephone line instead of mail or courier. When 
higher density disks and crisper colour pictures are available, 
the product will go into mass-production. 

The capacity of magnetic media pales into insignificance 
when compared with optical storage. Philips of Eindhoven 
has pioneered this route, as a spinoff from its development of 
the laser-read video disc and digital audio compact disc. The 
pits pressed in the surface of a laser video disc, or audio 
compact disc, are less than one micrometre in size. If these 
pits store digital data, rather than analogue video signals, each 
side of a 30-cm disc can hold 1000 million bytes. With data 
compression, this is equivalent to the high quality images of 
30 000 A4 pages. If no attempt is made to store a replica 
image, and instead only character codes are stored, a side of 
one 30-cm video disc can hold 0 -3 million pages of text. 



Tapes and floppies for photographers. The video camera (left) records 
on 8 millimetre tape. The stills camera (above) takes a disk— its 
pictures can be transmitted by telecommunications 



Philips, Pioneer and Sony all make video-disc players 
which can be linked to a home computer for interactive 
video. The computer controls the display of selected video 
sequences on the TV screen. It is often programmed by a 
burst of data recorded on the disc, usually in one of the sound 
channels. Pioneer will start selling a disc and computer 
system for homes in Britain this summer, for less than £1000. 
The first discs available will be simple games, but the hard- 
ware would work equally well at storing data and displaying 
it. All it needs is for someone to produce the necessary soft- 
ware. 

As an alternative to factory pressing, optical data can be 
stored by office hardware which incorporates a laser to bum 
the pits into the surface of a pre-coated disc. Philips uses this 
technology for Megadoc, but has had problems with the 
stability of blank discs. The coating of tellurium metal, in 
which the recording laser bums pits, is easily oxidised in a 
humid environment and then becomes useless. Tellurium 
alloys, sealed under a lacquer, last longer. But, significantly. 
Philips still talks about "10-year archival life" for a medium 
which, because it is read by light beam, should in theory never 
wear out. 

Both Hitachi and Philips have been developing disc coat- 
ings which change colour when exposed to a laser pulse, and 
are more stable than tellurium. Hitachi has coated discs with 
an alloy of silver and zinc which turns pink after heating 
above 300° C. When heated again it retums to its original 
silver colour. When the disc is played like an ordinary video 
disc, the tracking laser senses colour changes as reflective 
patterns comparable to those caused by the pits in a 
conventional video disc. Philips is working with organic dyes 
which change their optical characteristic when struck by a 
laser beam. Only a few dyes adequately absorb infrared light 
at the 0 -82-micrometre wavelength used for recording digital 
data. Two dyes fit the bill; they are known as "SQS" 
and "TPMP". They are stable, easier to apply than 
metal, and readily melt in a laser beam to produce readable 
pits. 

The development of the video disc as a data store goes hand 
in hand with the read-only memory on compact disc 
(CDROM), a joint development between Philips and Sony. A 
standard 12-cm compact disc normally holds around one 
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From Morse code to the digital disc 



THE FIRST recorded data signal came 
from the telegraph. Samuel Morse in 
the US, and William Cooke and Charles 
Wheatstone in Britain, simultaneously 
developed working telegraph systems in the 
late 1830s. At\ operator reading from plain 
English words keyed a sequence of long and 
short electrical pulses down a line. At the 
other end, an operator listened to the 
incoming pulses and mentally reconverted 
them back into words. 

The Morse code, still used today, 
requires up to four pulses per letter so the 
operator can handle only a few 
words a minute. It is said that 
Morse got his idea from a 
description of an electromagnet. 
Whatever his inspiration, the 
first telegraph line in the US was 
completed in 1842. It ran from 
Baltimore to Washington. The 
earliest lines appeared in 
England about the same time 
and, in 1857, the first of several 
unsuccessful attempts to lay a 
cable across the Atlantic was 
made. A cable was not laid 
between the US and Britain 
until 1866; its quality was such 
that only two words a minute 
could be transmitted. 

By the turn of the centur>', the 
speed had risen to 400 words a 
minute, equivalent to a data- 
rate of 8000 digital pulses or bits 
per second. Because no operator 
can key at this rate, the te.xt has 
to be prepared in advance "off 
line" as holes punched in paper 
tape. The technique is still used today, for 
telex transmissions. Speed is limited to 
around 67 words a minute, because the 
equipment relies on electromechanical 
relays and inertia puts a limit on their 



speed of operation. 

The future of data slora|e and trans- 
mission relies on all-electronic technology, 
which owes its existence to Thomas Alva 
Edison and the phonograph which he 
invented just over 100 years ago. Edison 
used telegraph recording technology as a 
springboard for his phonograph. In 1 877 he 
was building a repeater machine, which 
would record Morse code pulses arriving 
from the first leg of a long line and immedi- 1 
ately reproduce them again down a further ^ 
leg. It worked by embossing the characters « 





Men of data: Morse (above right) and Edison 

on paper tape. 

Edison found by accident that if he 
moved the embossed paper rapidly past a 
stylus, like scraping the teeth of a comb past 
a finger nail, the sound produced resem- 



bled human speech. This gave 
him the idea of recording sound 
as vertical indentations in tinfoil 
on a wax cylinder. Later he 
captured a bandwidth of 60 Hz 
to 3 kHz, which is equivalent to 
that of a modern telephone line. 
Equipment of the time could 
not, however, reproduce all that 
was recorded. 

In Britain. EMI has sold pop 
records with a computer 
I program one side of the disc and 
£ music on the other. But vinyl 

1 pressings are a clumsy medium 

2 for data storage. They can be 
produced only by a factory 
press: once recorded the data 

cannot be erased and any wear or damage 
to the groove causes errors in the data 
stream. Magnetic, optical and solid-state 
storage media are far more 
efficient. □ 



hour of hi-fi stereo in digital 
code, but it can store 
computer data or text instead. 
A single-sided CDROM can 
hold 600 megabytes, which 
makes it equivalent to over 
1000 floppy disks. One 
CDROM can store the entire 
contents of an .encyclopedia 
and it takes on average only 
one second to find any datum 
on the disk. 3M will soon 
start pressing CDROM's in 
Wisconsin. 

The combination of optical and magnetic technology 
provides the option to erase and re-record. NHK, the 
Japanese state broadcasting corporation, and KDD, the 
nation's international telecommunications monopoly, have 
been working on this approach, as have the private com- 
panies Sharp, Matsushita, Philips, 3M and Sony. A blank disc 
of glass is coated with an alloy of cobalt and rare-earth metal, 
such as gadolinium, and exposed to a laser beam modulated 
with the signal to be recorded. At the same time the disc is 
bathed in a weak and constant magnetic field. Where the 
beam strikes, the alloy material gets hot and switches its 
magnetic polarity under control of the enveloping fields. To 
replay the disc, a polarised beam of laser light is focused on 
the surface. The magnetic pattern on the disc changes the 




Prototype read only memory based on the compact disc 



direction of polarisation of the 
light reflected ofi" the disc's 
surface. The diflerence in 
polanties is read by a photo 
cell, as in a conventional video 
or digital audio disc player. 
The signal can be erased by 
recording over the disc with a 
beam of constant power. 

Although the idea of such a 
disc, compatible with existing 
video, digital audio and data 
storage players, sounds 
exciting, there are snags in 
practice. The coating must be amorphous, without any crys- 
tal structure. It has to be applied very slowly, by sputtering or 
vacuum deposition, over a period of hours or even days. The 
cost of magneto-optical discs is prohibitive. 

When pnce, capacity and convenience are balanced, a clear 
pattern for the future of data storage technology emerges: 
solid-state memory for temporary buffering; magnetic disks 
of high density for semi-permanent storage; and optical discs 
for the equivalent of very high density ROM. Electronics 
firms are already gearing up to mass produce simple compact 
disc decks for other manufacturers to build into portable and 
cheap stereo systems. The same decks will soon find their way 
into home computers. Optical ROM for home computing is 
just around the corner. □ 
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Genetic code is not so universal 



ANY TEXTBOOK of genetics or 
evolution will tell you that the 
^ genetic code — the relationship 
between the nucleotide sequence of a gene 
and the amino acid sequence of the protein 
it codes for — is universal. All creatures, 
from bacteria to flies to us, use the same 
genetic code. This neat simplicity was 
disturbed slightly a few years ago, when the 
small genomes of mitochondria were found 
to use slightly deviant codes — but of course 
mitochondria are not organisms. Now, 
however, some more deviations from the 
standard code have turned up in some free- 
living ciliated protozoons and mycoplas- 
mas. So the genetic code is really not 
universal after all (Nature, vol 314, p 132). 

The deviations from the standard code, 
which five separate groups of scientists in 
America, Europe and Japan have now 
found, are very small. In each case a series 
of three nucleotides (a codon) which 
normally marks the point on messenger 
RNA at which protein manufacture should 
stop, instead codes for the incorporation of 
an amino acid. But they are deviations 
from a major biochemical doctrine — 
sufficient to prompt Thomas Fox of 
Cornell University to declare "the notion of 
universality will have to be discarded." 



Andrew Scott 



Sydney Brenner, head of the Medical 
Research Council's Laboratory of Molecu- 
lar Biology at Cambridge, and contributor 
to the breaking of the standard code, is 
more cautious: "Certainly these discoveries 
are very important and interesting," he 
offered, "but they are not revolutionary." 
Brenner emphasised that the deviations 
found so far are all very minor variations 
on the standard and still universal theme, 
rather than entirely novel codes in which all 
or most of the codons have their meanings 
changed. 




Telrahymena: a chink in universality 



The main significance of these new 
discoveries concerns our version of early 
evolution. Current textbooks often state, 
not only that the genetic code is universal, 
but that it has to be universal; because any 
alteration of the code would destroy the 
organisms concerned by wrecking all of 
their vital genetic messages. Such reasoning 
is based on the assumption that all modern 
life is derived from a single ancestral line in 
which the standard genetic code was 
already fixed. The modem code has been 
described as a "frozen accident", chanced 
on by the first life and then fixed forever 
because changes would cause damage. 

So what are we to make of the discovery 
of slightly altered versions of the code? It 
probably simply means that the organisms 
concerned diverged from the common 
stock at an early stage; and that some gene- 
ticists have been overly dogmatic in asser- 
ting the inevitability of a universal code. 

So is it likely that other remnants of 
perhaps even more ancient lines of 
evolution have survived? Completely 
different codes would be a major shock and 
there are absolutely no signs of them so far. 
But it does appear that the "frozen 
accident" may have experienced the occa- 
sional thaw. □ 



Chinese archaeologist discovers Shang capital 



RECENT archaeological discoveries in 
the People's Republic of China are 
enlightening researchers about the early 
development of the Shang dynasty. 

This civilisation, with its highly skilled 
bronze metallurgy, elaborate writing 
system and jade carvings, was the first of 
the great dynasties recorded in early 
Chinese texts. The Shang dynasty is 
believed to have held power in north China 
for seven centuries from about 1700 to 
about 1 100 BC (or about 1030 BC according 
to a revised chronology). Ruins of Xibo, the 
capital of the first Shang emperor, Cheng 
Tang may now have been found in Yanshi 
county, in the Henan province according to 
Professor Xia Nai, Vice President of the 
Chinese Academy of Social Sciences and 
Honorary Director of the Institute of 
Archaeology in Beijing. 

Professor Xia Nai spoke of the discovery 
of a large walled town dated to about the 
sixteenth century bc at the jubilee cele- 
bration conference of the Prehistoric Soci- 
ety, held in Norwich at the end of March. 

By a happy coincidence, it was also the 
50th anniversary of Professor Xia Nai's 
first visit to Britain. He came over in 1935 
as a student and helped Sir Mortimer 
Wheeler excavate the Neolithic and Iron 
Age site of Maiden Castle in Dorset. 

By another coincidence, this year sees the 
resumption of archaeological work at 
Maiden Castle to mark the World Archae- 
ology Congress in Southampton in 1986. 

Professor Xia Nai served his archae- 
ological apprenticeship in the 1 930s at the 
famed site of Anyang, the last capital of the 
Shang dynasty, in northern Henan. The 
new site, discovered in 1983, lies just south 




Bronze ritual vessel oj the Shang dynasty 

of the Yellow River (Huang He) a few kilo- 
metres from another Shang town, at 
Erlitou. Excavations at Xibo continue, but 
Chinese archaeologists have already found 
the remains of a wall built of compressed 
earth, gateways through it and foundations 
of three large buildings, and they have been 
able to trace several of the town's main 
streets. 



In another of the presentations at the 
Norwich conference, Colin Renfrew talked 
provocatively about the origin of the Indo- 
European languages. Renfrew, Disney 
Professor of Archaeology at Cambridge, 
believes it high time that experts in 
European prehistory began questioning 
the established school of thought that 
places the origin of this large group of 
languages in the south Russian steppes 
around 3500 BC. 

He argues that the Indo-European 
languages, which include most modem 
European languages, Farsi (spoken in Iran), 
Sanskrit and its descendants in the north- 
em part of the Indian subcontinent and 
Linear B (an early form of Greek), are all 
related. But the view that thousands of 
nomadic people speaking Indo-European 
swarmed out of the Russian steppes he 
dismisses as "highly implausible". The 
myth of the dispersal of the Indo-European 
languages in the Bronze Age "should be 
laid to rest", Renfrew said. It was a 
Neolithic phenomenon. 

Renfrew's model is that a proto-Indo- 
European language spread from Anatolia 
with the dispersal of the first farmers about 
9000 to 8000 BC. There was language 
replacement as large numbers of people 
speaking early Indo-European gradually 
moved east and west taking cereals and 
other domesticated plants with them. Thus, 
according to Renfrew, an early form of 
Indo-European was spoken by the first 
farmers of Greece; Celtic and the Germanic 
languages originated from the language 
that groups of Indo-European-speaking 
farmers introduced to northern Europe. 

Sarah Bunney 



Copyrighted^^erial 



ijHHl^ri 



22 



New Scientist 11 April 1985 



Malaria parasites 

MALARIA parasites can propagate in red 
blood cells that are deficient in an enzyme 
they need by producing the missing enzyme. 

The enzyme is glucose-6-phosphate dehy- 
drogenase (G6PD). Women with a certain X- 
linked chromosomal disorder cannot produce 
this enzyme, and because the malaria parasites 
rely on the enzyme for their development, its 
deficiency protects some women against the 
disease. But E. A. Usanga and L. Luzzatto, of the 
Royal Postgraduate Medical School, in London, 
have found that malaria parasites can produce 
their own G6PD [Nature, vol 313, p 793). 

The parasites invade both the normal cells and 
the G6PD-deficient cells, and gradually adapt 
to the G6PD-deficient cells by producing 
increasing amounts of their own enzyme. They 
thus possess the gene for this enzyme, but are 
unable to express it in normal red cells. 

The study shows that the expression of a para- 
site's gene can be determined by the host cell. 
But it also provides insight into how the malaria 
parasite might cope with other red cell 
deficencies, and even antimalarial drugs. □ 

Troops could spread disease 

MOVEMENT of troops on the Brazil- 
Venezuela border could lead to a spread in 
the virtually-incurable disease, onchocerciasis. 
The disease is transmitted by tiny, blood- 
sucking, blackflies which infect their victims 
with small parasitic worms that produce blind- 
ness and skin disorders. 

Onchocerciasis is well-known in West Africa, 
where the World Health Organisation has been 
spending millions of dollars over the past decade 
in attempts to control the blackfly carriers. In 
Latin America, the disease occurs in small areas 
of Guatemala, Mexico, Ecuador, Colombia and 
Venezuela. In 1967, it was found around the 
borders of southeastern Venezuela and northern 
Brazil. The disease is hyperendemic in isolated 
villages of the Yanomami and Maiongong Indi- 
ans, and is, so far, confined to these areas. In the 
1970s, a branch of the trans-Amazon highway 
was pushed towards the periphery of the region, 
bringing fears that the Indians would use the 
highway, and spread the disease. But the 
construction stopped in the mid-1970s oil crisis. 

Now the Brazilian air force has moved its 
advance base into the region, and the army has 
extended its network of border posts through the 
main onchocerciasis area. □ 

Big buzziness 

Is THERE no limit to the utility of honey bees? 
In the US they yield more than $100 million 
of honey and wax annually and pollinate billions 
of dollars-worth of crops. Now they are set to rise 
to prominence in the field of pollution 
monitoring {Science, vol 227, p 632). 

Foraging bees pick up polluted nectar and 
pollen, or even contaminated dust mistaken for 
pollen, and ferry it back to their hives. They may 
also take in contaminants in their diet. Back at 
the hive, polluted air is circulated by worker bees 
with air-conditioning responsibilities. The level 
of pollutants in the hive can reflect the level of 
pollution in the surrounding countryside. It may 
prove cheaper and more effective to monitor 
beehives than to use expensive air sampling tech- 
niques or tedious soil sampling. 

J. J. Bromenshenk and colleagues at the 
University of Montana enlisted the help of 64 
beekeepers with hives in the Puget Sound region 
of Washington State. They analysed frozen 
whole bees tor fluorine using an ion-specific elec- 
trode and for heavy metals by atomic absorption 
spectrophotometry. 

Concentrations of zinc, lead and copper were 
not related to pollution sources. But fluorine, 
arsenic and cadmium concentrations showed 
patterns similar to those plotted by regulatory 
agencies on the basis of soil concentrations, that 
is highest around industrial Tacoma and low in 
the rural hinteriand. So the message to the 
polluters is clear; beware the bees. □ 



Disruption is attractive 



THE LEK, or area reserved by birds such 
as the cock of the rock {Rupicola 
rupicola ) for courtship rituals, seems at first 
sight a relatively peaceful sexual super- 
market. The males of a variety of species of 
bird, such as the prairie chicken and saga 
grouse of North America, and even some 




insects, make their way, at the start of the 
breeding season, to traditional lekking 
sites. They take up stations in the 
communal display area and perform a 
series of elaborate movements and 
vocalisations. 

Each male clears a display ground 
roughly 1 metre across and about 1 • 5 m 
from his nearest neighbour. Females visit a 
few male territories over a period of two or 
three days and then choose a male to mate 
with. As in all leks, male success is highly 
skewed, with most of the matings going to 
a few of the males; a single male accounts 



for 30 per cent of the matings each season, 
and two-thirds of the males fail to get any 
matings. 

All is not quite as it seems though. 
During a four-year study of these birds in 
the dense rainforests of Surinam, Pepper 
Trail of Cornell University noticed that 
roughly one in every three courtship visits 
and matings was disrupted by the inter- 
ference of another territorial male. Trail 
had a large enough sample to ask what the 
, consequences of this behaviour might b»e 
for the female and the two males, disrupter 
and victim, and presents the results in 
Science (vol 227, p 778). 

If a hen bird is disrupted on her first 
mating she goes on to visit more males and 
to mate with more than one of them. This 
means that the reproductive success of the 
male victim is reduced. The disrupter, 
however, is not merely being spiteful, he is 
enhancing his own reproductive success. 
Disrupter males obtain more matings than 
non-disrupters and, because disruption as a 
strategy is not limited to the most success- 
ful males, this indicates that it is not simply 
those males that are most attractive to 
females that are also most disruptive. 

It could be that disruption focuses the 
female's attention on the disrupter himself, 
or that it simply forces the female to choose 
again. Trail discovered that males that are 
actively and persistently disruptive did 
attract to themselves the females they had 
interrupted. 

If disruption is such a good strategem for 
getting matings, why is it not more 
common in the cock of the rocks' leks? 
Perhaps because the more time a male 
spends disrupting others, the less he has for 
display and attraction on his own 
ground. □ 



Quantum effects explain how we hear 

WHAT determines the smallest sounds 
we can hear? Studies by two Ameri- 
can scientists suggest that quantum effects 
in the inner ear set the lower threshold for 
hearing. Their findings led the researchers 
to propose a new hypothesis to explain the 
mechanism of hearing. 

The inner ear contains a spiral canal, 
called the cochlea, which is divided into 
two along its length, and filled with liquid. 
The partition along the canal contains 
receptor cells, which are surrounded by 
nerve fibres connected to the auditory 
nerve. Sound waves change the pressure in 
the fluids in the inner ear and cause minute 
movements in tiny hairs, a few micro- 
metres long, on the receptor cells. These 
movements trigger the nerve fibres so that 
the brain "hears" the sound. 

Measurements on cats, bats and other 
animals indicate that the smallest displace- 
ments that can produce the sensation of 
hearing are about 10 " metre — smaller 
than the dimensions of a single atom. The 
equivalent sound energy is as small as 1 0" ' * 
Watts. 

Now, William Biaiek and Allan 
Schweitzer both at the University of Cali- 
fornia, have calculated the "noise" due to 
quantum effects in a "ficticious inner ear 
operating at absolute zero" of temperature 
(Physical Review, Letters, vol 54, p 725). 



According to quantum theory, even at 
absolute zero any physical systems has 
residual "zero point" fluctuations with an 
associated energy. Knowing the physical 
properties of the receptor hairs, Biaiek and 
Schweitzer calculate the movement equiv- 
alent to the quantum "noise", and find that 
it is in the region of 10"" m — in other 
words, the same as the minimum move- 
ment for hearing. 

However, the researchers also calculate 
tliat thermal motions, at temperatures 
above absolute zero, give rise to much 
larger amounts of energy than the quantum 
noise. So how does the ear in a sense ignore 
the thermal noise, and instead hear down to 
the level of the quantum noise? Biaiek and 
Schweitzer say they are "forced" to con- 
clude that the hair cells are not in equilib- 
rium with their surrounds — otherwise the 
cells would be sensitive to thermal noise. 

The researchers argue instead that some 
"feedback" mechanism in the inner ear 
must keep the system in a non-equilibrium 
state. The properties of such a mechanism 
have important implications for theories of 
hearing, and rule out many if not all exist- 
ing models. If Biaiek and Schweitzer prove 
right, any theory of hearing must involve 
quantum effects. "There is no consistent 
classical theory of hearing", say the 
researchers. □ 
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Variety is the spice of famine relief 



rl THE refugee camps of Eastern Sudan 
there exists a paradox: people there have 
very little food yet they complain of lacking 
appetite. Studies by Edmund Rolls and 
colleagues at the University of Oxford not 
only helps to explain this paradox but has 
important implications for relieving 
famine {British Medical Bulletin, vol 37, 
p 131). 

One possible solution is "sensory-specific 
satiety". Rolls and colleagues investigated 
neuronal control of feeding in primates and 
found a group of neurons in the hypo- 
thalamus which respond to the sight and/or 
taste of food. In monkeys fed to satiety on 
one food, these neurons cease to respond to 
the sight or taste of that food, yet continue 
to respond to the sight or taste of other 
foods on which they have has not been fed. 

Correspondingly, in human beings, 
satiety is specific to the taste and/or sight of 
particular foods. After eating one food to 
satiety, the pleasantness of that particular 
food declines relative to other foods that 
have not been eaten. 

Refugees in Eastern Sudan are fed a very 
monotonous diet. The World Food 
Programme (WPP) aims to supply a 
"minimum ration" consisting of a daily 
food basket of 300 g of millet, 30 g of edible 
fat, 30 g of pulses and 40 g of dried 
skimmed milk. There is also, occasionally, 
supposed to be meat and small amounts 
of sugar, salt and spices. But in the 
refugee settlement where Rolls carried 



out the following study, refugees re- 
ceived only millet, 1 7-23 g of beans and 
milk each day, often no edible fat, and 
almost never any meat, salt, sugar and 
spices. 

Could it be that this diet is so monoto- 
nous that the refugees lose all appetite 
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for eating the food provided; that they are 
the victims of long-term sensory-specific 
satiety? 

Rolls and colleagues performed an 
experiment to test this hypothesis at the 
Um Rakouba refugee settlement in Eastern 



Sudan last July. Of 48 Ethiopian refugees, 
24 were fed the WPP diet for six months, 
the rest ate it for only two days. Six foods 
were given, three supplied by the WFP, and 
three other novel foods specially chosen as 
to be comparable to the WFP foods. The 
subjects were given a mouthful of each and 
asked to rate the pleasantness of each on a 
five-point scale. The results show that 
eating a limited set of foods for a long 
period reduces the palatability of these 
foods relative to that of other foods (see 
Figure). 

There are important implications for 
feeding in refugee camps and other places 
where little variety of food is provided. 
Food supplied by relief agencies is often 
traded with non-refugees in the 
surrounding area to obtain other items so 
as to vary the diet. Market forces mean 
that refugees buy relatively small quanti- 
ties of less nutritious food, or even non- 
food items such as tobacco. If refugees 
are fed a more varied diet, and vanety 
could be created either by increasing 
the number of foods supplied or by pro- 
viding a range of spices, then the 
worst effects of long-term sensory-specific 
satiety may be overcome: the food-aid 
recipient will have his or her appetite 
restored. □ 



The researchers wish to thank the Office of the 
CofDmissioner of Refugees for its assistarKe and co- 
operation. 



FUNDING FOR BIOTECHNOLOGY 

Prutec, the high technology venture capital arm of the Prudential Group, is seek- 
ing to invest further in technological innovation within the field of biotechnology. 



We are interested In: 



We require: 



* Funding research and development 
projects that are key to a company's future 
growth. 

• Funding projects from universities, poly- 
technics or research institutes that have 
direct commercial applications and are 
protectable, preferably by patenting. 

Projects should be based on strict commercial criteria as well as good innovative science. 

We are also interested in providing finance for companies, including startups. You would be re- 
quired to submit a well written, clearly presented business plan that conveys competent managerial 
skills. 



A 2-3 page Initial outline proposal 
containing details of the research, 
including information on Its novelty and 
commercial application; the people and 
timescale involved; market Information; 
and the level of funding required. 



Please send your proposal 

or business plan to: 

Dr S Bunting 

Prutec Umited 

17 Buckingliam Gate 

London SW1 
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Filariasis kills mosquitoes too 



MOSQUITOES, for most people, are 
evil. Not only are they a physical 
nuisance but they are 
also harbingers of death through 
disease. It may, however, come 
as a surprise to learn that 
mosquitoes can also sufTer from 
the diseases they transmit, 
particularly in the case of 
lymphatic filariasis. 

Mosquitoes become infected 
with worms when feeding on the 
blood of an infectious human. 
Adult female worms can 
produce thousands of young 
worms (microfilariae) which 
pass out of the human 
lymphatic system into the 
peripheral blood and then into 
the stomachs of feeding mosqui- 
toes. The microfilariae begin Figure 
tearing their way through the insect's stom- 
ach using a small tooth at their anterior 
end. Eventually these worms push their 
way between the fibres of the flight muscles 
within the thorax, becoming quiescent 
before undergoing further development. 

In this way, large numbers of micro- 
filariae can kill a mosquito within hours of 
feeding on infected blood. Needless to say, 
those mosquitoes surviving this traumatic 
event are unable to fly properly. 

Mosquitoes are not completely defence- 
less, however, and many species have 
evolved an arsenal of weapons specifically 
designed to protect against the ravages of 
the worms. Some species have tooth-like 
structures in the head (cibarial and pharyn- 
geal armature) to defend against micro- 
filariae taken up with a blood meal. These 
teeth ensnare and damage many of the 
worms that are imbibed. Some mosquitoes 
can also rid them- 
selves of microfilariae 
by excreting them 
from the meal in a 
"bloody" diarrhoea. 

These worms usu- 
ally take a couple of 
weeks to develop in 
the mosquitoes, 
although this may be 
affected by tempera- 
ture. The worms 
reach the pinnacle of 
their development 
within the mosquito 
when they lorm 
infective larvae. These 
large, highly active 
worms push their way 
out of the flight 
muscles as they begin 
their migration to the 
proboscis. The 
resultant damage to 
the flight muscles can 
be severe enough to 
kill the mosquito. If 
the mosquito survives 
this infestation it may 
suffer flight disability. 

Filariasisalsocauses 
a general deterio- 
ration in the health of 
mosquitoes. Infected 
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Mosquitoes can become infested with microfilaria! 
worms such as this one 




Figure 2 The proboscis of a mosquito 



The worms that cause elephantiasis 



LYMPHATIC fil- 
ariasis is a 
debilitating disease 
caused by filarial 
nemotodes which are 
transmitted by 
mosquitoes. Over 90 
million people 
throughout the \ 
tropics, are thought 
to have lymphatic 
filariasis at present. 
In addition, more 
than 900 million 
people live in areas 
where they risk 
contracting the 
disease. What is even 
more disturbing is 
that filariasis is 
progressively be- 
coming an urban 
problem and is 
increasing. despite 
vigorous attempts 
to control it during 
the past 40 years. 




Figure 3 Filarial nematodes can 
cause elephantiasis 



The adult worms lodge in the lymph 
vessels and nodes, usually of the lower 
limbs, and may cause such irritation 



Pacific. Some 

months to develop the first signs of the 
disease. □ 



insects are less fecund and many have diffi- 
culty in feeding. Sick mosquitoes take 
longer to settle and feed and 
some find it difficult to pene- 
trate the skin with their stylets. 
Intuitively, one might expect 
that the general ill health and 
lack of coordination shown by 
these insects is also due to the 
presence of such large worms 
moving about within the head 
capsule. This may be 
responsible for the "punch- 
drunk" condition of some infec- 
ted mosquitoes. 
The transmission of infective 
I larvae from mosquito to human 
5 beings can be likened to the 
scene from the film Alien where 
the parasite bursts from the 
body of a dining astronaut. In 
this natural example, worms burst from the 
bottom lip of the mosquito while it is feed- 
ing. In a frenzy of activity the infective 
larvae pour onto the surface of the skin, 
which is covered in blood (haemolymph) 
from the mosquito. Not surprisingly, a 
number of mosquitoes seem to find this 
expulsion of worms rather disturbing. 
Sometimes this may interrupt feeding so 
that the mosquito removes its stylets from 
the skin and begins to wander over the 
skins surface. If this occurs the mosquito 
may continue to spew worms over the skin. 
The larvae are. however, unable to infect 
the host because worms cannot penetrate 
intact skin. 

Mosquitoes may attempt to "clean" their 
proboscises with their forelegs to rid them- 
selves of worms. On one occasion I 
witnessed one unfortunate individual catch 
one of its front legs on a loop of worm. 

It then remained 
impaled in this 
undignified position 
for several minutes 
before it eventually 
freed itself. 

Fortunately for us, 
these detrimental 
consequences of 
parasitism constrain 
the growth of the 
mosquito population. 
This effect is usually 
manifest in mosqui- 
toes that are heavily 
infected. 

Filariasis is there- 
fore a disease of mos- 
quitoes as well as of 
human beings. From 
a biological, and deci- 
dedly non-anthro- 
poccntric, perspective 
It is the mosquito that 
suflers most. But this 
is part of the high 
price a mosquito 
must pay in order to 
obtain a meal, suf- 
ficiently rich in 
protein, from which it 
can produce eggs and 
thus pass its genes to 
the next generation. □ 



that extensive areas 
of scar tissue result. 
Ultimately this may 
give rise to the 
horrific deformities 
characteristic of ele- 
phantiasis (Figure 3). 
Elephantiasis is a 
consequence of con- 
tinual and intense 
infection and is, for- 
tunately, relatively 
rare. 

In contrast, the 
early symptoms of 
filariasis are com- 
mon. These include 
headache, fever and 
acutely painful swell- 
ings of the affected 
i lymphatic vessels, 
d During the Second 
EWorld War. over 27 
per cent of US naval 
servicemen contrac- 
ted filariasis while 
fighting in the South 
took as little as three 
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Taking the heat out of glass making 



MAKING materials such as ceramics, 
fibres and glass at low rather than 
high temperatures has intrigued 
scientists for the past 25 years. So far fibres 
and thin protective coatings have been 
made successfully. Now, Larry Hench, 
from the Materials Science and 
En^neering Department at Rorida 
University, says he can make large glass 
structures without first heating them to 
1000° C. 

The technology that Hench is using is 
known as sol gel. Several Japanese compa- 
nies, as well as ICI, in Britain, 
have worked on the technology. 
ICI made fibres by the tech- 
nique, but the Japanese have 
studied glass making at low 
temperatures. The problem has 
always been that large structures 
crack as they are dried. This is 
because of their structure and 
the chemistry of the process. 

What happens is that water is 
added to a precursor such as 
tetramethoxysilane. The first 
stage is hydrolysis of the silicon 
to give silicon hydroxide mole- 
cules. These individual mole- 
cules then polymerise to give a 
three dimensional structure of 
silicon oxide. Each silicon mole- 
cule is initially bound to four 
hydroxyl molecules. During the 
condensation process, two 
silicon hydroxyl bonds give a 
silicon bond, plus water. 
Because, the silicon atom has 
four such bonds, the structure 
builds up in three dimensions. The prob- 
lem is that the first silicon hydroxyl bond is 
broken faster than the last three. This 
means that, instead of a perfect three- 
dimensional structure, polymerisation 
occurs in limited areas or in a particular 
direction. Water from the condensation 
reaction is trapped in gaps which exist 
because of this irregular formation and 
causes stress that cracks the structure. Also 
the gel, because of its irregular structure 
does not shrink uniformly when it is dried, 
and again, cracks are caused. 

Hench has succeeded in slowing down 
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the condensation process so that the poly- 
mer builds up uniformly in all directions to 
give a tetrahedral structure. He achieved 
this with a chemical additive. 

He t)elieves that this additive forms weak 
hydrogen bonds with the hydroxyl mole- 
cules, and enables all the silicon oxide 
bonds to be formed at the same rate. Hench 
claims 100 per cent reliability with his 
method. Yet it was not clear sailing all the 
way. The first chemical blocking agents he 




A new glass could cut out the extensive polishing and grinding 
needed to make telescope mirrors 



added to the precursor and water slowed 
down the condensation reaction, but the 
resulting structure was unstable in the 
atmosphere. 

There are six stages to the sol-gel process. 
The first is to make the solution of precur- 
sor, additive and water: the next is mixing, 
followed by casting, gelation, ageing and 
drying at temperatures between 20 and 
150° C. 

Casting is the stage which makes Hench 
think that the glass will find applications. 
For example, a high precision mirror for a 
telescope takes a long time to make. First of 



all a blank made from vitrified silica is 
needed. Blanks, which are optically good, 
are selected then ground and polished to 
give an extremely smooth surface. This 
grinding and polishing can take years. Any 
irregularities on the surface will interfere 
with the high-resolution image that the 
astronomer must obtain. 

Hench's idea is to pour gel into specially 
prepared moulds which when dried will 
give astronomers the high precision glass- 
ware they need without the time 
consuming polishing and grinding. 

Once it is dried, the sol-gel 
glass remains physically and 
chemically stable up to 650° C. 
If it is heated above this 
temperature, certain properties, 
such as hardness, refractive 
index and elasticity, are altered 
in a controlled way. "The 
advantage," says Hench, "is that 
designers can select what optical 
properties they require, and the 
glass can be heated to the 
temperature needed to modify 
its physical properties to particu- 
lar specifications." 
Hench's work was funded by 
I the US Air Force Office of 
I Scientific Research. His brief 
I was to work on materials that 
s could be made into large struc- 
S tures in space. One of the 
o constraints faced in space is the 
lack of large amounts of energy. 
The sol-gel process requires far 
less energy than conventional 
glass making techniques, 
conference, held in Florida in 
delegates discussed potential 
applications for the material. One possi- 
bility that was discussed was to make the 
complex honeycomb catalysts used in 
industrial processes. 

Professor Derek Birchall, from ICI's 
laboratories in Runcorn, which developed 
fibres made from the sol-gel technique, 
says: "There are no commercial applica- 
tions for the product yet, but it could be 
important for casting complex three- 
dimensional shapes with specific physical 
properties." □ 
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High-speed wear in high-speed trains 



TINY CHROMIUM particles were the 
cause of engine trouble among British 
Rail's 200 kilometre/hour high-speed 
trains (HST). The spate of HST break- 
downs reached a peak in the hot summer of 
1983, when on lines running west out of 
London there were not enough HSTs to 
run the service. The high-speed trains had 
to be replaced by slower trains running at 
160 km/h. 

British Rail and the HST's engine 
makers, Paxman Diesels, asked Brunei 
University to look at the pattern of cylinder 
liner wear, which was extremely unpredict- 
able. The research began in 1979 with the 
analysis of engine oil from two HSTs, one 



which had low cylinder liner wear, and one 
high wear. 

The analysis revealed a high level of 
chromium particles in the engine oil of the 
HST, ranging in size up to 50 micrometres. 
The source of these particles was the chro- 
mium plating on the engine cylinder itself 
Brunei established that wear occurred 
because some of the chromium plating on 
the cylinder liners had loose particles. 
During the course of running these 
particles became detached and entered the 
engine oil. In HSTs with high engine wear, 
the chromium particles reached a peak 
after about five months. 

These chromium particles scuffed the 



plating on the liner and caused the high 
wear. The HSTs which had low rates of 
wear had better quality chromium plating, 
with fewer loose particles. 

The solution to the problem was to 
change the manufacturing process of the 
cylinder liners so that the number of loose 
particles in the plating, and the number 
which were only weakly attached, was kept 
to a minimum. 

These changes have completely removed 
the variability in wear, according to a paper 
given at the Institution of Mechanical 
Engineers last month. British Rail has 
extended the time between overhauls for its 
HSTs from one to two years. □ 
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Seaweed's clue to a cure for cystic fibrosis 



A CHEMICAL, currently extracted from 
seaweeds and widely used in the 
manufacture of food, may hold the clue to 
new treatments for cystic fibrosis. Genetic 
engineers at the University of Chicago have 
succeeded in getting a microbe to produce 
large quantities of aiginic acid. 

Alginic acid occurs in high levels in the 
lungs of people suffering from cystic 
fibrosis. An understanding, achieved by 
experiments in genetic engineering, of how 
this chemical is produced by sufferers could 
lead to new treatments for the disease. 

Cystic fibrosis is a genetic disease that 
occurs in one in 1600 people burn in the 
US. One in 20 people in Britain carry the 
recessive trait for the disease. The bacte- 
rium Pseudomonas aeriginosae produces 
algink acid, but only under certain condi- 
tions, in cystic fibrosis, for example. The 
disease affects many organs, but patients 



usually die of a massive pseudomonas 
infection, and as the disease gets worse the 
bacteria produce more alginic acid. The 
gummy polysaccharide interferes with the 
normal function of the lungs and must be 
removed by painfully slapping on the back 
several times a day. 

The Chicago team lead by Ananda Chak- 
rabarty postulates that manufacturing the 
polysaccharide presents an enormous 
energ) burden to the normal cell, and that 
genetic controls usually keep the genes that 
produce alginic acid turned ofT. So the 
pseudomonas strains isolated from fibrotic 
lungs provide a unique and stable strain of 
bacteria, in which the alginic acid genes are 
permanently switched on. In the lungs 
some, as yet unknown, condition seems to 
favour the growtli of these strains over the 
normal ones. 

By studying the genes controlling the 



Ballistic electrons for improved radar signals 



RESEARCHERS at Comdl University. 
New Yoric, are working on analogue 
chips, which they claim, could increase the 
aqncity of satellite recdvers and trans- 
mitters 10-foid. The chips achieve this 
increase by enabling satellites to operate at 
higher frequencies than are possiMe with 
present electronics. 

The key to Comeirs work is a phenom- 
enon known as the ballistic electron effect, 
first put forward by Lester Eastman, of 
the university's School of Electrical 
Engineering in 1977. Eastman claims that 
the efTect can be used to build semicon- 
ductors which switch at 1-5 picoseconds, 
compared with the present record transis- 
tor switching speed of 1 ! picoseconds held 
by Bell Laboratories. 

Cornell's research Is funded by the US 
Department of Defense which wants fast 
circuits to amplity and analyse radar 
signals. The technology could also be 
applied to satellite electronics in which the 
ability to operate at frequencies above 
30 000 megahertz is restricted by the 
switching speed of the amplification 
circuits. Eastman reckons that .so-called 
ballistic transistors would be fast enough to 
cope with frequencies of up to 94 000 
megahertz. 

Signals transmitted in the millimetre 
range (above 30 000 megahertz) only 
require small receiving antennae — an 
important advantage for fiister switching 
speeds. 

The ballistic electron effect is not fully 
understood. Eastman argues that given 
pure semiconductor materials, ver> small 
devices and some kind of a "launcher", it is 
possible to accelerate electrons to speeds up 
to 1 5 times those possible in conventional 
silicon circuits. The added velocity is a 
combination of the initial boost and, appar- 
ently, fewer collisions with other electrons 
along the y/ay. The electrons are speeded 
up further applying an electric field 
across their path. The &ster electrons 
travel the &ster the switching speed. of a 
transistor. 

Cornell has constructed several ballistic 

transistors out of gallium arsenide com- 
pounds, which operate at up to three times 
the speed of their silicon counterparts. 



Instead of slowly accelerating between 
the source and Ae drain of the transistor, 
the dectttms in ComdTs device are 
"launched" bjr a "hetmyunction". A 
hetercjunction is the meeting point of two 
different semkonductor materials, in 
ComdI's case gallium aluminium aisenide 
and gallium arsenide. An energy, or band 
gap, exists at the point where the two 
materials meet, so that as an electron 
crosses it, the electron speeds up rather as 
though it had been thrown off the side of a 
bridge. 

Eastman maintains that ballistic transis- 
tors will eventually prove to be so fast that 
other components in processors built from 
them will not be able to keep up. The tran- 
sistors will have to be slowed down. 
Eastman himself seems to have got ahead 
of some of his co-workers. His idea of 
the ballistic electron has yet to be backed 
up with a theory which explains the 
phenomenon. □ 



metabolism of alginic acid in these 
microbes, Chakrabarty's team isolated the 
characteristics which controlled stability in 
the bacterium. They produced a stable line 
of genetically engineered pseudomonas 
bacteria which also manufactured alginic 
acid continuously. It is this special line of 
pseudomonas bacteria which could provide 
unique insights into the disease of cystic 
fibrosis. 

"By understanding how these genes arc 
turned on in cystic fibrosis, we may be able 
to come up with a drug that turns these 
genes off," says Chakrabarty. A closer study 
of the enzymes involved in the synthesis of 
alginic acid (phosphomannose isomerase, 
for example,) could lead to the devel- 
opment of non-toxic inhibitors which 
could be inhaled from an aerosol spray to 
prevent alginic acid formation. 
• Chakrabarty's team also studied another 
inochemical pathway which could benefit 
the food industry. Alginic acid is a 
substance widely used as a thickener in the 
food industry. The genetic engineers in 
Chicago think they have found a way ctf 
varying the properties of alginic acid almost 
to order. Akinic add consists of varying 
quantities oftwo components, mannuronic 
add and guluronic acid. The ratio of these 
two motecules governs the viscosity of 
alginic add. The conversion of man- 
nuronic add to guluronic add is controlled 
by an epimerase enzyme. The final 
viscosity of the polysaccharide depends 
how much enzyme is available to convert 
mannuronic acid to guluronic acid, and so 
vary the viscosity. 

Chakrabarty's team plans to use a variety 
of genetic engineering techniques to insert a 
high number of copies of the gene coding 
for epimerase into the stable strain of pseu- 
domonas aeriginosae. Chakrabarty says 
that by controlling the number of 
epimerase genes it will \x possible to get 
different degrees of polymerisation and 
thus a new range of polysaccharides. □ 



Rubber arms for more movement 



ROBOT manufacturers are 
turning their attention to 
rubber as a material to produce 
"muscles". One robot with a 
rubber "muscle" is described in 
the Journal of (lie Malaysian 
Rubber Research and Devel- 
opment Board. It was developed 
by the Bridgestone Corporation 
and Hitachi in Japan. 

The robot arm has simulated 
wrist, elbow and shoulder joints 
with seven degrees of 
freedom — three in the shoulder, 
one in the elbow and three 
in the wrist. There is also a 
rubber gripper on the end of 
the arm. 

The "muscles" which control 
the arm movement are made of 
hollow rubber tubes covered in a braided 
fibre. The tubes are dosed at one end. 
When compressed air is pumped into the 
tube, it contracts along its length and 
expands outwards. One end ci the tube is in 
a fixed position and the other is attached by 
a wire over a pulley to another tube. 




RtAber tubes and compressed air give robots more 
ways to move 

Contraction of the tube pulls the wire 
round the pulley and causes the joint to 
move in a particidar direction. 

The arm, whidi weighs 6 kilograms, can 
handle 2-kilogiam loims. And the nd)ber 
gripper opens and doses under the control 
of a microchip. □ 



pyrighted material 



New Scientist 1 1 April 1985 



27 



Scientists seek cheap ways to combat parasites 



SHEETS of black cloth, insecticide, a 
metal frame and jars of chemicals are 
proving effective in eliminating tsetse fly 
from the banks of the Zambesi in 
Zimbabwe. The work, based on research by 
Professor Einar Bursell and Dr Glyn Vale, 
of the Bristol Tsetse Research Centre, was 
reported to the inaugural meeting of the 
new Wellcome Tropical Institute. 

A team working in Zimbabwe, stretched 
black cloth impregnated with pyrethrin 
insecticide over metal frames. Two open 
jars containing attractant chemicals, iso- 
lated from cattle by the Bristol team, were 
put under the frames. By adding acetone, 
the chemicals were made more volatile. 

One screen was placed per four square 
kilometres over a 600 square kilometre 
area next to an infested wooded region. The 
project began last September. Within a few 
weeks the numbers of tsetse flies had 
declined to 0-3 per cent of the original 
numbers on the border — the most heavily 
infested area — and to 0 - 1 per cent of less in 
the interior of the controlled area. The 
technique costs less than the cheapest alter- 
native method — ground water spraying 
(New Scientist, 4 April, p 7). But it can be 
made even cheaper, because results show 
that the screens do not need to be so closely 
spaced. Also, chemicals which will increase 
the screens' "pulling power" have been 
discovered at Bristol. 
In Mali and Tanzania, Chris Curtis, from 
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the London School of Hygiene, has been 
combating mosquitoes with nets impreg- 
nated with the latest pyrethrins. The pyre- 
thrins have a rapid effect. So rapid that the 
nets keep out mosquitoes even when, as 
tends to happen, they have small holes 
which, without insecticide impregnation, 
let mosquitoes through the netting. The 
pyrethrin lasts six months before the nets 
need to be reimpregnated. Impregnation 
and the tailoring of nets can be done in 
villages. Curtis has also shown that wrap- 
ping 10 centimetre strips of cotton impreg- 
nated with pyrethrin round ankles stops 85 
per cent oi mosquitoe ankle biting. In a 
separate project, he showed that poly- 
styrene beads floating on latrines prevent 
mosquitoes from laying eggs. Tests in 
Dar-es-Salam show the beads are effective 
for up to three years. 

Another success was reported to the 
meeting by Anthony Sebastian. Sebastian 
works in Rangoon in Burma. He put out oil 
drums, the most common form of storage 
for domestic water supplies, to watch 
mosquito larvae breed, and found none. A 
search revealed that the drum contained 
two dragonfly larvae which ate all the 
mosquito larvae. Over 90 per cent of 
mosquitoes responsible for spreading 
dengue fever breed in domestic water 
supplies in such drums. 



Sebastian got local people to collect drag- 
onfly larvae and put them in pairs in 400 oil 
drums infested with mosquito larvae. In 
two weeks no mosquito larvae were left, 
and six weeks later there were no mos- 
quitoes in the area. The dragonfly larvae 
went on working because they are able to 
live without food for several weeks after 
gorging themselves, and can wait for more 
eggs to be laid. Dragonfly larvae are easy to 
collect from known breeding areas, and the 
dragon flies could be encouraged to breed 
where required. 

At an earlier stage, but with equal poten- 
tial, is a method of controlling the spread of 
Chagas disease in Central and South 
America. It was devised jointly by 
Chris Schofield of the London School of 
Hygiene and the Overseas Section of 
the Building Research Establishment 
(BRE). The Chagas parasites are spread 
by bugs which live and breed largely in 
cracks in the walls of houses built from 
dried mud. 

The BRE developed a hand-operated, 
hydraulically-assisted machine which 
compresses earth into hard bricks bound 
with ordinary lime. Hard bricks made 
in this way do not shrink or crack, and 
so eliminate bug breeding places. Residual 
pesticides spread on these bricks last 
three times as long as they do on ordinary 
dried mud floors. The machine costs £ 1 200 
and has proved effective in the Yemen. □ 



Doctors recirculate blood from wounds 




PEOPLE'S FEAR of catching AIDS and 
other blood-born infections is prompt- 
ing doctors to resurrect an old method of 
transfusing blood. The technique is known 
as autologous blood transfusion. 

In its simplest form, patients who need 
surgery, but whose blood is of a rare type, 
can build up a store of their own blood in 
a hospital blood bank before an operation. 
A more advanced approach is to salvage 
blood as it flows away from the wound 
during surgery, and pump it back into the 
patient. The idea was first thought of nearly 
160 years ago, but the results were disas- 
trous. In the I970's a pump-based system 
was tried, but this, too, was unsuccessful, 
because the pump mechanism put air 
bubbles into the blood which resulted in 
lethal embolisms in the patient. But these 
problems have been largely eliminated in 
the current generation of machines used in 
American hospitals. 
First of all, the blood is sucked from the 



Doctors in the US 
are rethinking the 
idea of transfusing 
blood taken from a 
patient during an 
operation back into 
the patient during 
the same operation. 
In this way they 
hope to combat 
blood-born diseases 
such as AIDS 



wound and mixed with an anticlotting 
agent. Then the blood is washed and centri- 
fuged in saline solution. The red cells are 
thrown outwards, while plasma and plate- 
lets are drawn towards the centre of the 
centrifuge bowl. What comes out of the 
machine, and is fed back into the patient, is 
a dilute solution of red blood cells. In this 

way, the machine can process blood at the 
rate of 200 to 300 millilitres per minute. 

However, in major surgery, blood loss 
can be quite sudden, and there may be 
more blood around than the cell washer 
can handle. To cope with this, blood is 
stored in a series of cannisters. In these 
cannisters there are microfilters which pick 
up microaggregates, such as clots and frag- 
ments of tissue from the wound. The 
filtered blood can be washed in the centri- 
fuge, or fed back into the patient. The tech- 
nique is particularly useful for reclaiming 
blood from the oxygenating machine 
needed for open-heart surgery. 



The method is not without its problems. 
Some doctors express fears about its use in 
emergency surgery. For instance, in a 
shooting where the intestine is punctured 
and the contents contaminate the blood. 
And in surgery where cancerous tissue is 
removed, there are fears that the technique 
could seed cancer cells in other parts of the 
body. □ 

Ultrasound guides injections 

FINDING a blood vessel can be a trying 
experience for the doctor and a painful 
one for the patient. And blood vessels can 
be permanently damaged in the process. 
This problem, however, could be a thing of 
the past. Peter J. Kolb, of the University of 
Capetown Medical School, has developed 
an ultrasound guided needle to puncture 
blood vessels. 

Although the idea of using ultrasound is 
not new, previous attempts failed because 
the only puncture that could be made was at 
right angles to the vessel, whereas, the 
preferred angle of approach is between five 
and 30 degrees. Kolb beams ultrasound 
from two transducers at the patient. If a 
blood vessel is present at the point where 
the two beams intersect each other, then a 
tiny loudspeaker on the needle guide beeps 
to indicate this. 

The needle is mounted adjacent to the 
transducers on the guide. A mechanical 
drive ensures that the needle is positioned 
so that it bisects the angle between ultra- 
sound beams, and is aimed right on the 
blood vessel. The prototype guide has been 
used on a number of occasions, but Kolb 
feels it is still a little too unwieldy. He is 
working on the production of a smaller 
device. □ 
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Nuclear safety need a rethink 



TT IS NECESSARY to 
A understand how people 
make mistakes to prevent the 
human errors that lead to 
disasters in nuclear power 
stations, the British Psycho- 
logical Society was told last 
week. At the moment, 
engineers consider the people 
who run complex systems of 
all kinds as components that 
may or may not go wrong. 
This view is no longer suf- 
ficient, the society's annual 
conference was told. 

The suggestion came from 
James Reason, a psychologist 
at the University of 
Manchester. "Murphy's law 
really screws you when you 
design a complex system," he 
says. "Intelligent people will 
work out how to prevent a 
system failing, but the oper- 
ator will find a way to cock it 
up. " 

Reason believes that 
people do not make only one 
type of mistake. They make 
different kinds: those concerning routine 
tasks: those involving a familiar problem 
and those that happen when a new problem 
appears. Reason calls these skill-based, 
nile-based and knowledge-based errors 
respectively. 

He relates each error to a cognitive 
process. Skill-based errors happen at the 
intuitive, or automatic, levels of thought 
before the mind is conscious of the mistake. 
Once the operator is conscious of the error, 
then it becomes rule-based and can be 
solved by applying the lessons of past 
experience. If experience cannot correct the 
mistake, then it is knowledge-based, and it 
will require time to work it out. The disas- 
ter at Three Mile Island was caused by a 
knowledge-based error. The operators 
could not work out what was going on until 
it was too late. 

The least dangerous errors are most 
likely to happen at the intuitive or skill- 
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Engineers might make fewer mistakes if banks of dials were replaced 

with graphics 

based level. Reason argues that the controls 
of nuclear plants, and other complex mech- 
anisms, such as helicopters, or chemical 
processes, should be designed to keep errors 
at the skill-based level. 

"Systems need to be made transparent to 
the operator. We can do this by presenting 
information in a way that the human brain 
can handle," says Reason. "The brain is 
particularly good at recognising patterns." 

The kind of control room that Reason 
envisages would look very different to the 
banks of dials and buttons common today. 
Out would go the large numbers of warning 
lights and digital readouts, for example. 
They would be replaced by, say, a screen 
display that showed the relative status of 
sectors of the plant as a bar diagram or as 
the segments of a pie diagram. The oper- 
ators would "see" what was happening 
without having to make calculations. 
Interest in studying how people make 



mistakes has been increasing 
since the mid-1970s. There 
are many reasons for this, but 
one of the most important is 
the development of artificial 
intelligence (AI). Another is 
the sight of such disasters as 
nixborough, Bhopal and the 
Scilly Isles helicopter crash. 

AI provides a way of 
modelling thought processes. 
The study of thought is 
known as cognitive psychol- 
ogy and it has led to Reason's 
new ideas about human 
error. The view that people 
can be considered as 
components comes from 
behaviourism, which says 
that all human action is the 
result of conditioning. The 
trouble with the behaviourist 
approach to safety, says 
Reason, is that it gives a false 
sense of security. It relies 
heavily on the judgment of 
the systems designer, and 
may lead plant managers to 
believe that every safety 
precaution has been taken. "It's a little like 
an MoT — which does not adequately assess 
the safety of a car, but which leaves the 
driver feeling reassured." 

A behaviourist analysis gives "nuclear 
engineers and management what they 
want — numbers" says Reason. But he 
claims that these numbers are "presented 
in a form which is intended to be passed on 
to a second and third generation of 
analysts. It is doubtful whether such 
"cook-book" procedures can sum up 30 
years of expenence." 

Reason says: "There are insufficient data 
to provide reliable estimates of operator 
performance within the context of control- 
ling nuclear power plants." In the past, this 
lack of data was met by borrowing from the 
experience of better understood processes. 
"But it is now known that human 
performance is very sensitive to the speci- 
fics of a situation." □ 



Dissolution of nuclear waste 



BRITAIN'S electricity industry is to 
harness water-treatment technology to 
dispose of intermediate nuclear waste. The 
Central Electricity Generating Board is 
spending between £1 million and £2 
million on a demonstration plant at its 
Magnox power station at Dungeness, in 
Kent. 

The board is faced with accumulating 
quantities of intermediate waste, chiefly in 
the form of metal stripped from the assem- 
blies that contain nuclear fuel. This mate- 
rial is currently stored in large concrete 
vaults at power stations. 

Originally, the board planned to store 
this waste on site, eventually dealing with it 
as part of the decommissioning process 
once the nuclear station ends its oper- 
ational life. But. because there is more 
rttelallic waste than expected, and because 
of controversy about future ways of dispos- 
ing this waste, the board is developing a 
difierent waste management strategy. 



During the past few years the board 
has researched such options as encap- 
sulation, incineration and water treat- 
ment. The last option looks the most 
promising. 

In the water treatment method, waste is 
transferred hydraulically to a reaction 
vessel containmg water. Carbon dioxide is 
added to dissolve the Magnox waste. Then 
the effiuent is passed through sand and a 
fine filter, which removes undissolved 
particles of radioactive waste. Following 
both sand and fine filtration, the effluent is 
pumped into collection tanks. If the efflu- 
ent is within prescribed limits for radio- 
activity, it is discharged with the excess 
cooling water. If the liquor remains too 
radioactive, the effluent is recirculated 
through an ion-exchange column. 

Although the discharge of this efflu- 
ent with cooling water will increase the 
amount of radioactive water released by 
one or two curies a year, the board says it 



will not add significantly to existing 
discharges. All the coastal Magnox. power 
stations are authorised to release about 200 
curies of waste per year, but normally 
discharges are about 40 to 50 curies annu- 
ally. 

One of the attractions to the board of this 
method is that it requires very little super- 
vision, compared with other options. 
Although the method does not dispose of 
intermediate waste completely, it reduces 
the size of the problem. Typically. 170 
cubic nietres of waste from a Magnox 
station is reduced to 5 cubic metres after 
treatment. 

If the plant works as planned, the board 
intends to build similar facilities at all its 
Magnox power stations. The one possible 
exception is the Trawsfynnyd station, 
which discharges into a lake. The limits for 
radioactivity are more stringent here, 
and the plant may not be able to achieve 
them. □ 
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Geometers unify their ideas of space 

How could we know if the space in which we live is curved, not flat; and why is a coffee cup 
like a doughnut but not a tennis ball? Mathematicians have found that these questions are not as 
unrelated as they had thought, and that the answers open up new areas of research 

David Epstein 
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,NE OF the most remarkable 
developments in mathematics 
over the past few years has been 
the way that different areas of the 
subject have come together. When I 
was a graduate student 25 years ago. 
mathematics was a vast expanding 
field, splintering into more and more 
isolated areas of study. Now the subject 
has grown even vaster, but. at the same 
time, unexpected connections are 
emerging between apparently distinct 
topics. For example, the three areas of 
topology, geometry and differential geometry have come 
together in an explosion of activity in the study of two and 
three dimensions. 

Let me begin with differential geometry. This is the study 
of "metrical properties" — quantities such as the distance 
between points, surface area, volume — that we can measure 
with instruments. So how might a differential geometer deter- 
mine, for instance, that the surface of a round plastic ball is 
not flat? He or she could proceed as follows. Take a sharp 
knife and cut a cap from the ball. Then cut a thin strip around 
the circumference and also cut a diameter from the cap 
(Figure la and b). Take the diameter and circumference and 
press them so that they lie flat in a plane. As Figure Ic shows, 
the diameter now protrudes. Suppose that the length of the 
diameter is d. Then the length e of the protruding piece of 
diameter turns out to be approximately a constant times the 
cube of the diameter, — an approximation that becomes 
better and better as the spherical cap becomes smaller and 
smaller. This phenomenon was first investigated system- 
atically by the mathematician Karl Friedrich Gauss 
(1777-1855) and the constant I mentioned is known as the 
"Gaussian curvature". The differential geometer knows that 
the surface of the ball is not flat because its Gaussian curva- 
ture is not zero. 

For convenience. I will invent the term "Gaussian 
experiment" to describe the process illustrated in Figure 1. 
But what does this experiment mean? The first thing to notice 
is that the experiment could, in principle, be performed on an 
arbitrarily small portion of the ball's surface. In other words, 
we are looking at a local metric property. Secondly, the 
experiment requires measuring instruments: a compass to 
mark out the cap. and a ruler to measure the relevant lengths. 
Thirdly, the measurements could be done, in principle, by a 
two-dimensional creature living in the surface, unable to 
delect or measure anything not on the surface. 
The experiment in Figure i did in fact use the properties of 
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Figure 2 I hc \anic cxpaiinciH 
on a jlat piece of paper tiives a 
perfect jU (left) as it does on the 
apparently ciiired sitrface of a 
cylinder (ahove). made from the 
same piece of paper 



the surrounding space, for example in pressing the cut-out 
flat, but this was a matter of convenience, not of necessity. So 
how would an intelligent ant, living on the surface, carry out 
the Gaussian experiment, and measure the curvature? First, 
it would mark a point to serve as the central point of reference 
for the experiment. Then, it would pace off a distance dfl in 
every direction from this point, so as to draw a circle with that 
centre, with radius half of the diameter d. Then, it would 
count ant steps around the circumference of the circle (or 
preferably use more precise measuring methods!) to measure 
the length of the circumference. It would estimate the curva- 
ture by comparing nd, the length of the circumference of a 
Euclidean circle on a flat surface, with the measured length. 

Now, suppose we perform the Gaussian experiment on a 
flat piece of paper (Figure 2). It gives a perfect fit. so the 
curvature is zero: a flat piece of paper is flat. More 
surprisingly, as Figure 2 also shows, the "curved" surface of a 
cylinder is also flat! This sounds all wrong. How can a curved 
surface be flat? The confusion is a consequence of the use of 
two distinct meanings of the word "flat". The first is an every- 
day meaning — a flat table or floor, for example. The second 
meaning is the technical mathematical statement that the 
Gaussian curvature is zero: performing the Gaussian experi- 
ment gives a diameter that fits perfectly into the circum- 



Figure 1 Cut strips from a ball as shown in (a) and (b), flatten them 
(c). and the diameter d will protrude by an amount e 




Figure 3 A holly leaf, with 
negative curvature, gives a 
diameter shorter than the circle 
when pressed flat 
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ference when both are 
pressed onto a flat table. The 
cylinder can be formed from 
a flat piece of paper by gluing 
the two edges together — that 
is why the Gaussian experi- 
ment gives a perfect fit. 
A two-dimensional worm 
living in the surface of a 
cylinder and performing the 
appropriate measurements 
would decide that its space 
was flat, even though it could 
crawl on the surface, travel- 
ling in what to the worm 
would be a straight line, and 
return to its starting point! 




Figure 4 The formula nr gives 
too small an area for this circle 



The ball of Figure 1 has positive curvature and a piece of 
paper has zero curvature. What forms have negative curva- 
ture? Some leaves do — the holly leaf, for instance. To see this, 
cut out a small round disk about the size of a lOp piece from 
a holly leaf, and from this disk cut a circumference and a 
diameter. Then press these two pieces of leaf flat, and you will 
find that instead of the diameter protruding a little, there is a 
gap — the diameter is not long enough (Figure 3). A two- 
dimensional worm living in the leaf, and expecting a flat leaf, 
will be agreeably surprised by the amount of nourishment 
available within a given distance from its starting point; the 
area of the circle is greater than it is for a flat leaf of the same 
diameter. 

The surface of a cooling tower provides another example of 
negative curvature (Figure 4). The practical efiect of negative 
curvature can be illustrated by imagining that a contractor is 
required to paint a circular disk of radius 10 metres on the 
side of the cooling tower with luminous paint, to warn ofi" 
low-flying aircraft. If, when he orders his paint, he uses the 
formula he has learnt at school for the area of a circle — Kr\ 
where r is the radius — he will run short of paint, for the real 
area will be greater. 

A surface of constant curvature is one for which the Gaus- 
sian experiment gives the same result, no matter which 
portion of the surface is used. The surface of a ball has 
constant positive curvature; an egg, in contrast, has a curva- 
ture that is positive everywhere, but not constant. The most 
important surface of constant negative curvature, is known as 
the hyperbolic plane. Unfortunately, this surface cannot be 
put into the ordinary three-dimensional space in which we 
live, without gross distortion. This is analogous to the fact 
that the surface of the Earth cannot be mapped without 
distortion on the flat pages of an atlas. In the case of the Earth, 
we can make an accurate map with the aid of a globe, using 
three dimensions rather than two. But even this cannot be 
done for the hyperbolic plane. 

To understand the hyperbolic plane we are obliged to use 
a map that distorts distances. Geographers use different types 
of maps of the Earth's surface, depending on which particular 
feature they wish to emphasise. There are maps in atlases 
which describe angles accurately — the familiar Mercator 
projection is an example — and others that describe areas 
accurately. But because the Earth's surface has a non-zero 
curvature, no maps on a flat piece of paper can describe 
distances accurately, although if distances are small and the 
scale is large, inaccuracies can normally be ignored. In the 
same way, there are difierent types of maps of the hyperbolic 
plane, all of which distort distance. 

One of these is called the Poincare model of the hyperbolic 
plane, though it was discovered by Bernhard Riemann 
( 1 826- 1 866) rather than Henri Poincare ( 1 854- 1 9 1 2). (Math- 
ematicians are not fussy about historical accuracy.) The 
famous picture by the artist Maurits Escher, reproduced in 
Figure 5, shows an infinite pattern of angels and devils in the 
hyperbolic plane. Each angel drawn is the same size as each 




The curvature of the Universe 

As far as our own Universe is concerned, experiments 
indicate that it is reasonably flat, except for local curvature 
due to gravitation. Experimental data are not at present accurate 
enou^ to distinguish our Universe from a space that is flat 
(ignoring small local variations). If the Universe really is flat, 
experimental data will never be accurate enough. But if the 
Universe is curved, astronomcfs might be able to determine this 
in the next few years with the Space Telescope now being 
planned. In the meantime, cosmologists have proposed various 
modeb with different types of curvature, but, m uk absence of 
adequate experimental data, tfiese are regarded as speculative. 

To measure the curvature of the Universe, one does not need 
to be some extra-cosmological intelligence, observing the curva- 
ture from "outside". We can measure the curvature, by doing 
experiments from inside the Universe. However, limitations of 
measuring methods mean that, in practice, any equivalent of the 
Gaussian experiment proving non-zero curvature of the Universe 
would have to have a diameter of many thousands of light 
years. □ 



Other angel, and each devil is the same size as each other devil. 

However, because the map distorts distances, the angels and 
devils on the edge of the map appear smaller than those in the 
middle of the picture. In much the same way, an inex- 
perienced geographer could come to the mistaken conclusion 

that Greenland is bigger than 
Australia, by lookii^ at 
almost any map of the 
Earth's surface. 

Figure 5 also shows 
another regular pattern in the 
hyperbolic plane, with all 
triangles of the same (hypov 
bolicT size. Notice that over 
small distances, it resembles 
Euclidean (flat) geometry. 
The triangles look as though 
they are Euclidean triangles. 
Over larger distances, the 
distinction between Euc^ 
lidean geometry and hyper- 
bolic geometry becomes 
apparent, however, when 
straight lines in the hyper- 
bolic plane have to be drawn 
as arcs of circles. In a similar 
way, it was possible in ancient 
time to believe in a flat Earth. 

The discovery of the hyper- 
bolic plane in the 19th 
century by Janos Bolyai 
(1802-1860), Gauss and 
Nikolai Lobachevsky (1792- 
1856), had profound impli- 
cations for mathematics, for 
philosophy, for science and 
for man's view of the 
Universe. It ended the 
attempt, begun 2500 years 
earlier, to prove Euclid's 
"parallel postulate". The idea 
of the Greeks was to state a 
number of so-called axioms 
for geometry, such as "given 
any pair of points, there is a 
unique line containing them 
both." The exact nature of a 
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the same size 
appear smaller 
nearer the edge of a 
flat map of the 
hyperbolic plane 




FiguK 6 lAnes in the hyper- 
jmic done can be diameters or 
circular arcs perpendicukar to 
the boundary of the disc 



"Une" 



or 



'point" 



is 



irrelevant— the only require- 
ment is that these omects, 
whatever they are, satisfy the 



stated axioms. The parallel 

postulate is the statement: 
"Given a line and a point not 
lying on that line, there is 
exactly one new line through 
the point which does not 
meet tiie original line." For 
2S centuries mathematicians 
puzzled over whether the 
parallel postulate could be 
proved starting from the 
other axioms of Euclidean 
geometry. Very many falla- 
cious "proofs" appeared over 
the years. But in the hyper- 
bolic plane, all the axioms of 
Euclidean geometry, except for the parallel postulate, are 
satisified; the parallel postulate, on the other hand, is defi- 
nitely false for the hyperboUc plane. It follows that the parallel 
postulate cannot be deduced from the other axioms. 

To understand this, we have to say exactly what the "lines" 
and "pwnts" of the hyijerboHc plane are. A "point" is just a 
usual point, like P in Figure 6. A "line" is either a diameter 
or a circular arc, perpendicular to the boundary of the disk 
drawn in Figure 6. Such a diameter or circular arc is in fact 
the shortest path between two points using hyperbolic 
distance-Hremember that the distance is distorted in the map. 
In the same way, on the Earth's suiiace, the shortest route 
fh)m London to &m Francisco is the Polar route, while a 
straight line drawn with a ruler on almost any map in an atlas 
showing both London and San Francisco will pass through 
the East Coast of the United States (Figure 7). 

Figure 6 shows how, given a point P in the hyperbolic 
plane, and a line L not containing P, there are infinitely many 
lines throu^ P that are "parallel" to L— that is, they do not 
meet L. In Figure 6 the lines drawn are entire hnes, with no 
part omitted. They extend infinitely far in each direction, but 
the distance seems finite because there is an infinite amount 
of distortion in the map. 

During the 18th century the philosopher Immanuel Kant 
had put forward the theory that both the parallel postulate 
and Newton's laws were known to be true for "synthetic a 
priori'" reasons. During the early 1 9th centiiry, all cultured 
people regarded this as self-evident. The discovery of the 
hyperbolic plane demolished half of this theory, and the 
arrival of relativity and the quantum theory demolished the 
other half. Psychologically, the result was to dent confidence 
in intuition. In mathematics, the effect was to reinforce the 
need, aheady felt, for improved standards of rigour in setting 
up the foundations of mathematics. 

Having given some description of differential geometry 
and the hyperbolic plane, 1 would now like to say something 
about topology, popularly know as "rubber-sheet geometry". 
It is the study of those properties of space (think of an object 
when I use the word "space") that are preserved when the 
space is deformed elastically. Imagine the space to be 
extremely stretchable, but not at all sticky. Given a solid ring 
made of plasticine, for example, you can squash it in your 

hand into a ball, because the plasticine sticks to itself. This 
operation is not allowed in topology. In contrast, to a topolo- 
gist, a coffee cup is "the same" as a solid ring. To see this, 
imagine the coflfee cup to be made of very, very, elastic 
material. First, we squash away the cup part, leaving only the 
handle attached to a flat elastic disk (which used to be the 
bottom of the cup). Then we squash the disk into the handle, 
and we are left only with the handle, which is a solid ring. 

In topology, unlike differential geometry, metrical proper- 
ties are irrelevant. Topological properties can usually be 
determined without instruments — for example by counting. 
The first and most important example of a topological prop- 
erty is the so-called Euler number. Suppose you diaw trian- 
gles on the surface of a solid body, which fit together neatly 
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Figure 7 The shortest routes are not always straight lines 

along the edges. The Euler number is then the number of 
vertices minus the number of edges plus the number of trian- 
gles. This number is the same even if you draw the triangles 
m entirely different ways. One way could consist of only a few 
edges, another could consist of millions of edges, but the 
answer would always be the same. From this it follows that an 
elastic deformation, of the type I described above, will not 
change the Euler number. The number is always 2 for a ball, 
0 for a solid ring, and 0 for a coffee cup. This proves that a 
coffee cup is topologically the same as a ring, but not the same 
as a ball. 

What is the connection between differential geometry and 
topology? In topology we are free to stretch a space and to 
change its metrical properties. A remarkable theorem due to 
Riemann and David Hilbert (1862-1943), is that any surface 
is (topologically) equivalent to a surface of constant curva- 
ture. To illustrate this theorem, consider a balloon. Most 
balloons are not perfectly round. They have a positive curva- 
ture but the curvature is not constant. But, a balloon can 
always be deformed to be perfectly round (Figure 8). 

The surface of a doughnut (called a "torus" by mathe- 
maticians) in three dimensions has a curvature that varies as 
Figure 9 shows. However, it is possible to make this surface 
flat (zero curvature all over) in four dimensions, though not 
in three dimensions. To see how to make a flat torus, we have 
to use a flat piece of paper. We start with the rectangular piece 
of paper ABCDEFGHIJ, and glue ABC to HGF, obtaining a 
cylinder with circular ends (Figure 2). We then glue the circu- 
lar ends to each other (Figure 10). Unfortunately, the paper 
has to crinkle in the last gluing, because we are obliged to 
work in only three dimensions. 

Another way of expressing the resuh established by 
Riemann and Hilbert, is that every surface is topologically 
equivalent to a surface with a geometric structure. A space is 
said to have a "geometric structure" if local experiments are 
unable to distinguish between different fjoints of the space. In 
two dimensions there are three types of geometric structure: 
spherical, with constant positive curvature; flat, with zero 
curvature; and hyperbolic, with constant negative curvature. 
For curves there is only one geometry — that of the straight 
line. A one-dimensional insect living on the circumference of 
a circle can do large-scale 
experiments to show that it 
lives in a circle, and not in a 
line, but for all local experi- 
ments the circle and the line 
are indistinguishable. 

An important aim of 
modem research in topology 
is to prove the conjecture, 
due to William Thurston, of 
Princeton University, that a 
geometric structure can be 
imposed on three-dimension- 
al spaces provided they sat- 
isfy some obvious necessary 
conditions. Thurston's con- 
jecture has been, and seems Figure 8 Balloons are not 
hkely to C9ntinue to be, one usually perfectly round but thev 
of the main engines driving can always be deformed and 
modem research in low-dim- made perfectly round 
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Figure 9 The various 
curvatures of a torus, 
or "doughnut " 
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Figure 10 This torus 
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cylinder of Figure 2 
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Figure 11 A knot has no metrical properties, but a geometric 
structure can be imposed on all points in space not in the knot 

ensional topology. Its investigation is continually throwing 
up new and intnguing problems, providing a constant stream 
of PhD theses and research papers. In three dimensions there 
are eight geometric structures. The most commonly occur- 
ring type turns out to have constant negative curvature — it is 
hyperbolic. (In four dimensions, there are an infinite number 
of geometric stmctures. These have been investigated by Rick 
Fihpkiewicz, one of my former students.) 

There are some remarkable examples that illustrate 
Thurston's conjecture and help mathematicians to believe in 
its truth. Thurston has in fact proved the truth of the conjec- 
ture for the "complement" of a knot in ordinary Euclidean 
three-dimensional space — that is, all the points of the space 
except those in the knot. The complement of a figure-eight 
knot has a geometric stmcture obtained by gluing together 
the faces of two regular hyperbolic tetrahedra. Unfortunately, 
this fact is difficult to demonstrate in a short article. Visitors 
to the Mathematics Institute at the University of Warwick 
may inspect a model, made by two of my students and my 
wife, which demonstrates the point. 

The implications, even of the restricted versions of Thurs- 
ton's conjecture that are known to be tme, are considerable. 
For example, a knot such as in Figure 1 1 , is a topological 
object, with no particular metrical properties. It is "flabby": 
one can deform it, and no essential change is made. But when 
a geometric structure is imposed on the complement of the 
knot, everything rigidifies. As one example, it makes sense to 
talk of the "volume" of the knot complement. This volume is 
not measured using the usual Euclidean volume normally 
associated with three-dimensional Euclidean (flat) space, but 
using the natural volume associated with three-dimensional 
hyperbolic space. Indeed, the hyperbolic volume by itself 
seems to be one of the most important topological invariants 
of a three-dimensional space. Unlike classical invariants (the 
Euler number, for example) it is a real number and not an 
integer. To a topologist, this insight, which has come from the 
marriage of geometry and topology, is in itself is an exciting 
new phenomenon. □ 



David Epstein is professor of mathematics at the Mathematics Insti- 
tute of the University of Warwicl<, England 





The causeway between Saudi Arabia and Bahrain is one of the biggest feats of offshore 
engineering in the world. It also provided an opportunity for a unique study of the marine 
environment of the Gulf. The results are not reassuring 



David Vousden and Andrew Price 



IN SUMMER 1982. civil engineers won a contract to build 
one of the largest offshore constructions in the world. It is 
a roadway from Saudi Arabia across 25 kilometres of sea 
to the island state of Bahrain. The causeway, which is now 
nearing completion, consists of five bridges linked by solid 
embankments. It carries two parallel roads from Jasrah on 
the northwest coast of Bahrain, across Umm Na'san island, 
over the Gulf of Bahrain to join the Saudi coastline at Al 
Aziziyah. The largest of the bridges weighs 1200 tonnes, and 
passes 28-5 metres above the water. The structure will be able 
to carry 3000 vehicles per hour. Halfway between Umm 
Na'san and AI Aziziyah. an artificial island will house coast- 
guards, customs and immigration offices. 

A project of this size would have a profound effect on the 
environment anywhere in the world. Marine life in the shal- 
low and almost landlocked Arabian (or Persian) Gulf is 
especially vulnerable. The governments concerned agreed on 
the causeway's final design, from a choice of three, as the one 
least likely to damage the marine environment. 

Environmentalists were particularly concerned about the 
heavy dredging and coastal reclamation that the project 
would involve. At least half of the causeway's span consists of 
embankments of dredged rocks and fine mud spoil. Not only 
does the act of dredging and infilling destroy marine life 
directly, it can have equally harmful secondary effects. Clear 
waters become thickly loaded with fine suspended sediment, 
reducing the amount of light that gets through, and therefore 
the photosynthetic activity of seagrass beds and symbiotic 
coral algae. Currents can carry dense clouds of sediment to 
settle out again in less turbulent waters, often many kilome- 
tres away. Building large barriers of mud and rocks across 



previously open channels can permanently alter patterns of 
water circulation, and change the water's temperature, sali- 
nity and other characteristics beyond the levels that native 
species can tolerate. 

All this could be particularly significant in the waters 
between Bahrain and Saudi Arabia, which are, on average, 
only five metres deep. Also, artificial obstructions can change 
the migratory habits of shrimps and fish. 

With these questions in mind, the Regional Organisation 
for the Protection of the Marine Environment (the Gulf 
area's marine conservation organisation) arranged to cooper- 
ate with Bahrain's Directorate of Environmental Affairs to 
carry out an ecological study of the coasts of Bahrain. It 
would concentrate on the possible effects of building the 
causeway. A team from the Tropical Marine Research Unit at 
the University of York carried out the study through the 
International Union for Conservation of Nature and Natural 
Resources and the UN Environmental Programme. 

The survey consisted of three visits to Bahrain in 1983, 
each of about a month. We sampled the flora and fauna, and 
studied oceanographic features such as the water 
temperature, salinity, turbidity and concentrations of chloro- 
phyll and zooplankton at six coastal and six offshore sites. 
The idea was to assess the state of marine life in this part of 
the Gulf, and to detect any changes that took place during this 
period as work began in earnest on the causeway. We paid 
particular attention to the area around the causeway, and to 
the commercially important shrimp fisheries. We made extra 
observations at a number of other sites, such as the seldom- 
visited Hawar archipelago to the south, and the coral reefs of 
the east coast of Bahrain. 
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Many of these places deserve the term critical habitats — 
they are identifiable areas of special concern in conservation. 
They may be vital to the survival of a species at some stage in 
its life cycle, or to the survival of a community. Of particular 
concern around Bahrain are seagrass beds, coral reefs, 
mangroves, and mudflats (see Box). Seagrass beds are highly 
productive and are important feeding grounds for green 
turtles (Chelonia mydas) and dugong or sea cows (Dugong 
dugon), a settling substrate for animals such as juvenile pearl 
oysters (Pinctada spp.) and a nursery and feeding ground for 
shrimps (Penaeus semiscidcatus). 

Coral reefs, as well as being outstandingly beautiful, 
support local fisheries and rich marine life in general. 
Mangroves and mudflats are also highly productive, and 
sustam juvenile shrimp and fish species, as well as large popu- 
lations of birds and other marine organisms. 

We found large seasonal differences in water temperatures. 
At coastal sites, the temperature ranges from 14-35° C. 
Offshore it ranged from 13-31° C. This range is greater than at 
comparable latitudes elsewhere because the Gulf is relatively 
sheltered and almost landlocked. In particular, its shallow 
waters have a small thermal capacity. Its water temperatures 
track air temperatures more closely than open oceans would. 
Extremes in temperature, both high and low, undoubtedly 
limit the number of species that can survive in the Gulf 

The water is also very salty, about 10 per cent more so at 
the west coast of Bahrain than at the east coast. This is partly 
because of Bahrain's geographical position with only a 
shallow narrow stretch of water separating the island from the 
Arabian mainland; but also important is the complex circu- 
lation of water in the Gulf, and the effect of a large, almost 
stationary and highly saline body of water called Dawhat 
Salwah, to the southwest. The further south we took readings, 
the more saline the water became. 

The combined effect of fluctuating extremes in 
temperature with very high salinities is to produce an envi- 
ronment that, even without the effects of the causeway, is 
naturally highly stressful to the organisms living in it. Many 
plants and animals are already living at, or even beyond, their 
normal range of tolerance. For example, reef-building corals 
are generally considered to tolerate temperatures down to 
1 8° C, yet well-developed coral reefs do occur in the Gulf 
Similarly, echinoderms survive in lagoons with a salinity of 
60 parts per thousand, which may be a new record for this 
group of animals in the wild. Consequently, any reduction in 
water circulation, especially in shallow waters near the coast, 
may further increase salinity and temperature ranges to levels 
that many of the plants and animals cannot tolerate. 

In the immediate vicinity of the causeway between 
Umm Na'san and the main island of Bahrain, we found the 



water nine parts per thousand more saline in the now partly 
enclosed bay on the south side of the road than just to the 
north, less than 100 metres away. However, the design of the 
causeway includes plans to open up this solid section of road 
with at least one bridge section, and this will help to return 
salinity levels within the bay back to normal. Certainly, any 
alteration in salinity around the causeway appears to be quite 
local. 

Of greater concern are the more obvious physical impacts 
of dredging and reclamation. The water became more turbid 
the closer we moved to the contruction work. Long plumes of 
sediment stretched downstream from the construction areas. 
Just to the north of the causeway, during dives we found a 
layer of very fine silt and mud 20 centimetres thick, with a 
complete absence of surface flora and fauna, but a high 
abundance of infaunal polychaete worms dominated by 
Ceratonereis. Below the silt was a once-healthy seagrass bed, 
now almost completely dead. This may well have been part of 
a large nursery within the bay area, as large numbers of juve- 
nile shrimps and fish thrived in the nearby intertidal flats. 
These flats also support a rich fauna, including crabs and 
molluscs. Invertebrates such as these depend directly or indi- 
rectly on the rich growth of benthic diatoms and blue-green 
algae. At the two sites south of the causeway on the west coast 
of Bahrain, there was no clear evidence of damage. 

Classic syptoms of stress 

We chose the coastal and offshore sites on the east side of 
Bahrain for their relative isolation, far removed from any 
likely effects of building the causeway. The coastal sites, 
particularly the one to the north, had a rich invertebrate and 
vertebrate fauna. Blue-greens and other larger forms of algae 
account for most of the productivity. The coastal area is also 
an important nursery for shrimps and fish. For example, 
hauling a seine net over 80 metres of flooded intertidal 
muddy sand produced a mixed catch of more than 1200 
juvenile and adult fish as well as more than 600 juvenile 
shrimps. 

A different picture emerged at the offshore sites on the east 
coast. We expected to find a relatively unspoilt area, but 
instead the water was turbid. Visual inspections during our 
dives and from helicopters supported these observations. 
Even on calm days, visibility underwater went down to 60 
centimetres, and a layer of fine silt covered the seabed at the 
offshore sites. Impact on the east coast extended to the coral 
reefs, several of which displayed the classic symptoms of sedi- 
mentary stress, with horizontal faces showing bleached skele- 
tons devoid of polyps. This was particularly clear on the 
massive coral such as Platygyra, where the round coral head 
looked like a monk's tonsured haircut with the top bleached 



Gulfs critical marine habitats in danger 



Coral reefs are one of the most productive 
ecosystems in the oceans. They also have 
the greatest diversity of species. In shallow 
tropical waters, reefs are important to local 
fisheries. Although few fish eat the coral 
itself, reefs provide food and shelter for 
numerous invertebrates. 

Several hundred patch or platform reefs 
are scattered around the Gulf, particularly 
along its western and southern shores, 
nourishing reefs also surround offshore 
coral islands. These islands themselves 
provide nesting sites for several species of 
terns, and green and hawksbill turtles. 

Coastal development damages coral reefs 
by making the water more turbid. This 
aggravates the effects of high temperature 
and salinity, and impedes photosynthesis. 
Sediment also smothers coral directly. 

In some places, channels are being 



blasted through reefs to allow ships to pass. 
Ships' anchors can also do damage. 
Another danger is oil: frequent small spills 
may do more harm then one large spill. 

Intertidal flats and mangroves are often 
thought of as wasteland. Yet such areas are 
exceptionally productive. For example, a 
luxuriant film of benthic algae and diatoms 
on the surface of intertidal flats provides a 
direct and indirect source of food for fish. 

Similarly, mangroves provide a first link 
in the food chain when their leaves decom- 
pose in the water and shrimps and other 
invertebrates feed on them. Mangroves can 
also provide wood, and raw materials to 
make tannin, rayon, glues and dyes. 

Mangroves stabilise the environment by 
binding soft muds and sediments which 
would otherwise tend to erode. Perhaps 
most significantly, they function as a nur- 



sery area for young fish and shellfish. 

In many parts of the Gulf, infilling for 
reclamation is systematically destroying 
these refuges. Yet ample space is available 
for construction further inland. 
Seagrass beds look like underwater 
meadows. They produce food for marine 
animals. Turtles and dugong feed directly 
on the plants, as do some fish. 

Many other animals, such as commercial 
shrimp and peari oysters, also live among 
seagrass. The oysters seem to rely on 
seagrass for larval attachment and growth. 
Around Bahrain and other coastal waters of 
the Gulf, seagrass beds play a key role in 
sustaining of local fisheries. 

These beds appear to have been reduced 
over recent years as a result of dredging, 
infilling and other coastal development. 
Their mapping is essential. □ 
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white! We also saw dead and dying branches of Acrqpora, 
covered in sea urchins or turned green by colonies of 
epiphytic algae. From the air, we could see many dredgers at 
work, surrounded by spoil tips and with white streamers of 
sediment pouring away on the current. 

Elsewhere, large tracts of coastline and subtidal seas are 
being filled with this reclaimed material. For example, the 
mangroves associated with mudflats within Tubli Bay on the 
east coast have been filled in and reduced to just a few small 
stands; the largest little more than 400 square metres. These 
are the last remaining survivors of what was once an extensive 
system of mangroves. 

Other extensive mudflats exist along most of the northern 
coast of the main island, but no one has yet surveyed them for 
their scientific or economic importance. They are already 
scheduled for infilling in the immediate future. This is often 
the fate of these highly productive intertidal flats throughout 
the world, mainly because of the ease with which they can be 
reclaimed from the sea and the fact that people often regard 
them as "worthless swamps". It is these very areas, which 
need protection and conservation, which coastal devel- 
opment schemes put at risk. 

The environmental problems that Bahrain faces reflect the 
even greater problems that threaten marine life and resources 
throughout the Gulf Massive coastal development and the 
resulting heavy pollution, coupled with the natural stresses 
already imposed on the indigenous flora and fauna, are a 
serious problem. Best known, however, is the damage that 
comes with the extraction and processing of crude oil. This 
has inevitably degraded the marine coastal and offshore envi- 
ronment. The Gulf oil spill of 1983 highlighted the problem. 

Shortly after the spill, large numbers of dead animals were 
washed up on beaches. The vielims included fish, turtles, 
seasnakes, dolphins and dugong. Many of the dead animals 
were recorded on Saudi Arabian beaches, while very few 
turned up in Bahrain. We do not yet know whether the oil 
spill directly caused these deaths. Autopsies on fish from 
certain areas of the Gulf showed them to have tainted flesh, 
but this situation did not last for long. 

The oil seems to have most effect on offshore islands in the 
Gulf Scientists visiting the area say that thousands of breed- 
ing terns have been fouled by the oil. as have nesting green 
and hawksbill turtles. Below water, coral itself, along with 
associated life-forms, may also have suffered, with the coral 
producing copious quantities of mucus as a reaction. 

Given the number of oil rigs in the Gulf, and the 
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continuous movement of tankers up and down these waters, 
spills such as this are an all-too-constant threat. The fighting 
in the northern part of the Gulf, and especially attacks on 
shipping, has increased this likelihood even more. 

Other threats to the marine environment of the Gulf are 
sewage effluent from coastal towns and villages, causing 
nutrient enrichment and possible eutrophication; efiluents 
from refineries which cause heavy metals to concentrate in 
sediments and certain organisms; and other effluents, for 
example from fertiliser and desalination plants. However, 
although these industrial polluters have significant effects in 
parts of the Gulf the damage they do is less severe than the 
loss of habitat caused by dredging and coastal infilling. 

The Gulf is undoubtedly a marine environment of great 
value, both economically and scientifically. Pearling, fishing 
and commercial shrimping together provide millions of 
dollars of revenue to the countries on its shores. Throughout 
history, populations living around this body of water have 
relied heavily on these marine harvests. 

The Gulf also contains species of special conservational 
significance. Some of these, for example green and hawksbill 
turtles, are threatened worldwide. Others, such as dugong. are 
vulnerable. We simply do not know the status of many 
others, either locally or worldwide. Particularly interesting 
are endemic species — plants and animals that are believed to 
be unique to a particular region. In one group of animals 
(echinoderms) present in the Gulf, 12 per cent of the species 
appear to be endemic. Among birds, the Socotra cormorant 
is also endemic. Breeding colonies are found in certain bays 
and islands in the Gulf However, for the most part, scientists 
know little about the Gulf endemics, largely because of the 
incompleteness of sampling and taxonomic knowledge. 

We have already mentioned the stressful nature of the 
Gulfs environment. For example, the area's coral reefs are of 
particular interest to scientists because they manage to exist 
near the limit of their tolerance in an environment of high 
salinities and wide variations in temperature. They also 
provide ecologists with an opportunity to study an otherwise 
complex community in a relatively simple form. Local coral 
reefs, of course, also provide an enormous recreational attrac- 
tion, reason enough for conserving them. 

Observations to date show that so far, building the cause- 
way has probably had only a localised effect on the marine 
environment on the west coast of Bahrain. The efforts of the 
Bahraini and Saudi authorities, together with the construc- 
tion company Bandr-Ballast, to limit environmental damage, 
have so far been gratifyingly successful. However, compara- 
tive studies on the east coast of Bahrain show how a variety 
of other impacts are damaging this much more productive 
area. Infilling and dredging do particular damage. 

In fact, throughout the Gulf, the loss of marine habitats as 
a result of these activities is now serious. It is even possible 
that species that would be new to science are becoming 
extinct before they are discovered. The same thing is happen- 
ing in tropical rainforests. Fortunately, the governments of 
the Gulf states are becoming more aware about environ- 
mental damage. Organisations such as the Regional 
Organisation for the Protection of the Marine Environment 
continue to make studies and now urge the need to regulate 
the exploitation of critical marine habitats, to control efflu- 
ents discharged into the sea. and to adopt environmental 
standards for the marine and coastal environment. 

Most important, more and more people realise that the 
Gulf, as an almost enclosed waterway with resources that 
cross national boundaries, needs to be managed and con- 
served by a joint venture between all the Gulf countries. □ 



David Vousden and Andrew Price, of the Tropical Marine Research 
Unit, University of York, carried out this study for the Regional Organ- 
isation for the Protection of the Marine Environment, Kuwait. David Vous- 
den now/ works at the Directorate of Environmental Protection in Bahrain. 
Dr Andrew Price is a senior marine ecologist/research fellow at York. 
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If we need an effective count y 



planning authority here- ■ ■ 




MOLE VALLEY SURREY 



The government accepts that the shires should retain elected councils, sensitive 
to their needs, to prepare and implement a planning strategy on a county-wide basis. 

London, with its 7 million people and infinitely more complex development, 
transport and environmental considerations, apparently requires no such body. Hence the 
decision to abolish the GLC. 

Instead of one strategic plan for London there will be 33. 

Instead of a London-wide authority with powers and resources to influence the 
future development of the capital, the 33 separate Borough authorities each will have a 
remit to look only after its own local area. 
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Instead of an open inquiry into one plan, the key planning policies for London will 
be decided by the Secretary of State for the Environment advised by a "London Planning 
Comnnission;' a quango that he will appoint. There will be no London-wide inquiry into 
these policies. 

The claim that all planning responsibility will devolve to the Boroughs is a sham. 
The Secretary of State for the Environment will become London's strategic planning 
authority and Londoners themselves will have a far less effective voice in the major 
decisions affecting their city. 

Why should Londoners be treated differently? 

GLC 

For further informatior) call 01-633 2220 Working for London 
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Fighting the good fight 

In Defence of Animals 
edited by Peter Singer, /iasil Blackwell, pp 224. £15 hbk. £4-95 phk 

Judith Hampson 




movonent might go. Singer 
condemns recent escalations 
into vkdenoe ^^uch Dndermine 
the phDoso^iical ooncnts upcm 
which the notion of animal 
rights is based. Such actions 
deepen polarisations, leaving 
animals the victims, as well as 
people. 



The contributors to this Xtock 
share Singer's ^ew, thoudi 
perhaps not an of tiiem shave lus 
insight into the damage viotence 
can do to thdr cause. The fight, 
Singer points out, is about 
morality and it cannot be won 
by means which are wrong. 
Indeed, among the angers and 



frustrations expressed by these 
writos there does appear to be a 
coinmon unity, an inspiration 
which is more than a pious hope 
that justice will triumph in the 
end. 

There are calls for realism: 
liberationists urging their over- 
zealous supporters not only to 
accept attainable reforms but 
also to aim for them. Alex 
Pachcco. instigator of the Silver 
Springs monkc\ trial, warns: 
"Realising that total abolition of 
some aspects of animal ex- 
ploitation may never come, we 
should not simply demand "total 
abolition or nothing at all', as 
that often ensures that those 
suiTering today will continue to 
suffer." 

Henry Spira. former trades 
union activist, has successfully 
"blackmailed" several US 
companies into ploughing thou- 
sands of dollars into research on 
"alternatives" to animal testing. 
He uiges supporters to "Keep in 
touch with reality. Dreamiiw 
about how great it would be if 
animal experimentation were 
totally abolished does nothiiu to 
teing that day closer, and it does 
nothingto help the animals who 
will suffer tomorrow and every 
other day we continue to 
dream." Quite so. 



Missing connections 



The Day the Universe Changed 
James Burke, BBC PtMications, pp 352, £14-95 



Jad£ Harris 



ccy THINK anyone who 
I reads this book will real- 
X ise that the animal rights 
movement is here to stay" was 
the message from Peter Singer at 
the London press launch of //; 
Defence of Animals. 

Singer, Professor of Philos- 
ophy at Monash University. 
Australia, has edited a collec- 
tion of 15 short essays by 
campaigners involved in all 
aspects of the animal rights 
movement. The contributors 
range from philosophers, 
through law reformers, to activ- 
ists, providing an insight into 
their vastly varied standpoints 
and motivations. 

The book is divided into three 
sections — the ideas, the prob- 
lems and the stratefies. It does 
not, however, provide detailed 
information on specific iffiues, 
such as animal experimenta- 
tion, farm animals or zoos. 
Although these topics are dealt 
with in the "problems" section, 
better sources are available. It is, 
more impwtantiy, a book which 
might enaUe us to understand 
animal rights as a societal issue. 

As Singer points out, the issue 
will not go away; its moral foun- 
dations are too strong. But many 
of us share his deep concern 
about the direction in which the 



I WAS jolly glad it was the 
book I'd been asked to 
review, and not the television 
programmes. I cannot re- 
member the start of a major tele- 
vision series receiving such a 
pasting from the critics next 
morning. 

At the time of writing, only 
the first of the planned 10 
programmes had been broad- 
cast. It began with that huge 
head obscuring the rising Sun. 
and then he was off, bobbing 
and weaving while a confusing 
set of images were projected 
behind him. Having the advan- 
tage of reading the book before- 
hand, I could at least understand 
what he was trying to do. 
Evidently he wished in this first 
programme to capture attention 
by mtroducing all the ideas he 
planned to develop in later 
mstalments. It was. in fact, a sort 
of overture containing all the 
themes, but one that was so 
cacophonous it threatened to 
clear the auditorium before the 
start of the main show. 

Publication of the lavishly 
illustrated book of the series 
coincided with the first of the 
broaAasts. It too has 10 chap- 
ters. The flrst an introduction. 



is followed by an account of 
eight events which "changed the 
Universe", or at least our 
perception of it. Burke's eight 
events are: the promulgation of 
Greek knowledge from Arabic 
Spain, the discovery of perspec- 
tive, the development of the 
printing press, the derivation of 
the law of gravity, the industrial 
revolution, developments in 
medical statistics, Darvsinism 
and, finally, the discovery of 
radioactivity leading to the 
atomicbomb.Thefinal chapter is 
designed to draw it all together. 

It is quite evident that Burke 
has done his homework; he has 
an encyclopedic knowledge of 
the history of science, and is an 
inspired commentator on the 
evolution of technology. Each 
chapter is a self-contained essay 
arranging facts in an interesting 
and unusual way so that 
new truths are revealed. The 
question arises, do all these 
small truths add up to a greater 



truth? Can we expect a denoue- 
ment in the last chapter? 

Alas no; the more our author 
attempts to draw the threads 
together in Chapter 10, the more 
everything seems to fall apart. 
We learn that mythology, 
religion and science all produce 
cosmogonies and, as all are 
subject to change, each may 
have equal validity. We are told 
that there is no absolute reality, 
no especial direction to events. 
The Universe is what we say it is. 
When theories change, the 
Universe changes— the truth is 
relative. If there is no coherence, 
no synthesis, does this mean that 
the whole exercise has been a 
failure? Perhaps it does, but if 
there is no ultimate trudi, how 
can one expect to end up other 
than disappointed if one sets out 
to try to find it? 

In conclusion, I must write a 
few words about trandating a 
work of art or scholarship fiom 
one medium to another, book to 



film or vice versa. Throughout 
his life, E. M. Forster resolutely 
refused all requests to turn A 
Passage to India into a film- 
it only became possible after his 
death. No doubt he felt that the 
subject of his book— human 
relations across a cultural divide 
and what went on in the dark- 
ness of a cave— were unsuitable 
for visual interpretation. On 
perhaps a slightly lower plane, in 
my view, the liberal use of 
images does not assist in convey- 
ing Burke's theories and ideas. 
Of course, if vou arc charged 
with producing a lO-part tele- 
vision series then you have no 
option but to confuse everyone 
with a superabundance of 
pictures. But why did he feel it 
necessary to reproduce so many 
illustrations in his book— I have 
counted 300. Was it to keep in 
with the "coffee table" format of 
BBC publications? As Burke 
reminded us. the arrival of the 
printed word made much orna- 
mentation redundant. 

There was a time when a 
select group of intellectuals (for 
example. Wheeler, Taylor, 
Muggeridge, Clark, Bronowskij 
first beotme savants and 
scholars and then, in their 



_ 



Copyrighted material 



New Scientist 1 1 ApfH 1985 



As Clive Hollands, Secretary 
of the Committee for Reform 
of Animal Experimentation 
(CRAE) in Britain stresses: 
"Political action will always be 
concerned with practical possi- 
bilities. Animal welfarists must 
come to terms with this fact. We 
do animals a disservice when 
we place our sacred principles 
regarding rights over achieving 
some progress in alleviating 
their suffering." 

Not everyone finds it easy to 
share Hollands's pragmatic 
approach. Certainly it has done 
nothing to ingratiate him with 
the rank and file of the animal 
rights movement. But, perhaps 
more to the point, it has 
achieved some concrete 
improvements for laboratory 
animals. 

Tactics aside. In Defence of 
Animals makes it clear that 
there is a moral case to be 
answered. Animal rights is not 
about animal welfare, nor is it 
about compassion. It is about 
justice. As Professor Tim Regan, 
elegantly summarising his 
lengthy philosophical treatise 
The Case for Animal Rights 
(Routledge and Kegan Paul, 
1983), points out: "You don't 
change unjust institutions by 
tidying them up". 

It is this conviction that leads 
some activists to break the law. 
Dexter Cate spent weeks in a 
Japanese prison awaiting trial 
for freeing dolphins about to be 
slaughtered by fishermen on the 
island of Tatsunoshima. His 



story of how that action came 
about on "the island of the 
Dragon" is the most moving and 
beautifully written piece in the 
book. It also provides a 
clear insight into the mind of 
the activist. Cate offers no 
discussion of whether his action 
was tactically correct — clearly in 
one sense it was not, as he was 
deported from Japan and thus 
prohibited from continuing the 
fight. But at the time "that did 
not seem to be the point. I had 
witnessed my brothers and 
sisters of the sea suffering and 
had had the opportunity to help 
them. I really had no choice. 
Was it worth it? Ask the 
dolphins." 

Striking the balance between 
working for what is attainable 
and remaining true to the moral 
ideal is the greatest challenge 
facing those fighting for the 
rights of animals today. How 
they strike it will affect us all. 
Animal rights is a societal issue; 
it is arguably less about animals 
than it is about ourselves. 

There is much for everyone to 
agree or disagree with in this 
book, it may inspire or enrage 
the reader, it might well do both. 
If it can be read with a reason- 
ably open mind, it will enable 
those involved in the animal 
rights debate to gain a clearer 
understanding of the perspec- 
tives and motivations of others. 
This can only lead to better dia- 
logue. If the book serves to foster 
such dialogue it will have more 
than served its purpose. □ 



The bell tolls for butterflies 



Butterflies of Dorset 
by Jeremy Thomas and Nigel Webb, Dorset Natural 
History & Archaeological Society * pp 128, £7-95 hbk, £5-95 pbk 




The new print shops were centres for intellectual exchange 



middle years, had fame thrust 
upon them by appearing on tele- 
vision. In a sense Burke has 
reversed this sequence. He 
became very well known eariy in 
his career, as a presenter on 
Tomorrow's World and The 
Burke Special and as a reporter 
of the NASA Apollo missions. 
Later, with the appearance of 



Connections and the present 
volume, there are signs that a 
scholar is attempting to escape 
from under the weight of all that 
fame. It would be ironic if he 
now finds himself hampered in 
his attempt to convey to the 
public the fruits of his scholar- 
ship, by his image, and by his 
images. □ 



Ashley Morton 



WITH 48 species regularly 
breeding within its bound- 
ary, Dorset has an abundance 
and diversity of butterflies, un- 
matched by any other county. 
This alone could justify the pro- 
duction of Butterflies of Dorset, 
but this book should be con- 
sidered in a wider context. 

First, it is the best guide to a 
county faunal or floral group I 
have seen. Thankfully, distribu- 
tion maps replaced long lists of 
localities some time ago, but the 
1 square kilometre scale used 
here produces a map which can 
actually be used to explore the 
area. Additionally, Thomas and 
Webb recommend specific loc- 
alities where each species may 
be sought. They also present bar 
graphs (based on weekly obser- 
vations over nine years) which 
give an accurate indication of 
when the adults are likely to be 
found — a refreshing change 
from the "Chiltern Hills, May to 
July" approach. 

Secondly, the authors give 
accurate information about 
habitat requirements, behav- 
iour, life history and larval food 
plants for each species. These 
should enable most naturalists 
to locate successfully eggs and 
larvae. This is important 
because some species are more 
easily found as immatures than 
as adults, and others fly in some 
habitats but breed only in 
others. A survey based just on 
adults could be misleading in 
terms of both status in the 
county and areas worth conser- 
ving. Although the book is not 
intended as an identification 
guide, it also boasts 56 colour 
photographs of the adult butter- 
flies in their natural habitats. 
Unfortunately a few of these 
serve only to reduce the overall 
standard of production which, 
for such a small concern, is 
generally high. 

The aspect which confers 
national importance on this 
regional study is the careful 
analysis of the changes in distri- 
bution and abundance of 
Dorset's butterflies revealed by 
the recording schemes. At least 
21 species have declined 
markedly during the past 30 
years, and eight of these 
species have lost more than two- 
thirds of their colonies. Other 
surveys have demonstrated the 
serious declines of many 
butterflies in eastern England, 
but the fact that problems 
also exist in the Dorset strong- 
holds is a clear warning that 



all is not well in the British 
countryside. 

In their discussion of the 
reasons for these declines, the 
authors emphasise that a 
number of species are likely to 
persist in Dorset only on nature 
reserves, where their habitats are 
deliberately maintained. This 
view is more depressing than it 
may appear. Successes have 
outnumbered losses on Dorset's 
nature reserves, but this is 
another unusual attribute of that 
county. Elsewhere butterflies 
have an appalling history of 
survival on nature reserves, 
almost invariably because con- 
servationists have failed to 
maintain sufficient (or any) 
suitable breeding habitat. The 
authors do not discuss the 
reasons for this difference, 
but it is not independent 
of the relationship between the 
local conservation bodies and 
entomologists at Furzebrook 
Research Station. 

Thomas and Webb have 
failed to consider one important 
aspect of the conservation ques- 
tion. It is not just a question of 
conserving butterflies, but one 
of conserving entire commu- 
nities of invertebrates which, for 
logistical reasons, are largely 
ignored by ecologists. In many 
habitats, butterflies are the most 
readily censused and repres- 
entative group of plant-eating 
invertebrates. It is reasonable to 
assume that the local extinction 
of a butterfly species is a con- 
spicuous indicator that many 
other herbivores (which may 
have been of vital importance 
in certain food chains) have 
probably been lost. 

Unfortunately, habitats fre- 
quently become unsuitable for 
butterflies long before there is 
any noticeable change in the 
flora, and it is all too clear that 
the usual ecological assessments 
based on plant communities, 
so favoured by conservation 
bodies, may provide no reliable 
information about the status of 
these diverse animal commu- 
nities at all. There is a strong 
case for exploring the use of 
butterfly communities as indi- 
cators of the overall richness 
of some types of habitat. Butter- 
flies of Dorset should encour- 
age conservation bodies and 
naturalists to monitor the 
status of these insects more 
effectively. □ 

• Available from: DNHAS. Dorset 
Countv Museum. High West Street. 
Dorchester DTI 1XA. 
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AS PROFESSOR at the 
universitiesofKeele, Read- 
ing and now York. Toronto. 
Antony Flew has encouraged 
students of philosophy and logic 
to develop skills of logic and 
persuasion with the wii and 
grace that he shows in this 
outstanding book. 

He surveys his earlier studies 
on Malthus. Hume. Adam 
Smith and Marx, and scourges 
with gusto the more recent 
abberations of the past decade. 
As a long-serving vice president 
of the Rationalist Press, Flew is 
unlikely to lose composure at 
failing to render appropriate 
obeisance towards dogma. He 
has a deep and compelling 
regard for Charles Darwin, as is 
shown in his brief but 
untraditional account of 
Darwin's life which begins his 
text. The quotations throughout 
are unhackneyed. never 
repetitious and often memo- 
rable. His bibliography is an 
irresistible invitation. 

Not that he is soft over 
Darwin's failures. When Darwin 
proposed his laws of variation, 
he had not the benefit of 
Mendel's insights, neglected 
until 18 years after Darwin's 
death. Flew warns against the 
proud superiority of hindsight. 
Darwin was supposed to lack 
metaphysical and philosophical 
insight, though he was known 
to have enjoyed his under- 
graduate exercises on William 
Paley's Evidences of Chris- 
licinily. Paul Barrett's transcrip- 
tions of Darwin's Metaphysics d 
Expression Notebooks . incor- 
rectly ascribed to Howard 
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Darwinian Evolution 
by Antony Hew. Paladin, pp 149. 
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Darwin was not tentative 

Gruber on page 63, are now en- 
abling them rightly to take their 
place with the Transmutation 
i\otehooks, and show the extent 
of Darwin's reading of Hume, 
Reid and Adam Smith. 

1982 was the centenary of 
Darwin's interment close to 
Isaac Newton in Westminster 
Abbey. Like his grandfather, 
Erasmus, who was a pioneer 
evolutionist, and like his father 
and his elder brother, Erasmus 
Alvey. who were unbelievers, 
Darwin came to share their 
views, certainly by the time of 
his marriage to his devoutly 
religious wife, Emma. It was 
the publication of his Atito- 
hiugraphy in 1958 (not 1968!) 
by his granddaughter Nora 
Barlow, that revealed the 
excisions in the 1887 Life and 
Letters, made no doubt to 



comfort his wife. 

I can add another change to 
the text of his letter to Emma, 
dated 5 July 1844, arranging for 
publication in the case of 
sudden death (his health was 
poor): "I have just finished my 
sketch of my species theory . If, 
as I believe, that my theory is 
true, & if it be accepted by one 
competent judge it will be a 
considerable step in science." 
The usual text is given by Flew 
on page 8. Darwin's mood is 
falsified by a totally alien 
tentativeness. Perhaps this 
tampering was undertaken to 
square with the supposed irreso- 
lute vacillation which was 
believed to have put off publica- 
tion for 14 years. In fact Darwin 
worked hard for the whole 
period to overcome the problem 
of the origin of divergence, his 
solution for which dates from 
November 1854 onwards. 

new pillories Desmond 
Morris, author of The Naked 
Ape and Richard Dawkins, 
author of The Selfish Gene, as 
reductionists and "catchguinea" 
writers. And he condemns the 
use of weasel words for opposing 
hallowed concepts, as the Editor 
of Nature rightly accused the 
Natural History Museum offi- 
cials of doing in their newly set 
up Evolution Gallery. These 
ofllcials opposed classification 



based on descent, for they were 
palaeontologists by training, 
seduced by an entomologist 
(Emil Hennig) to the new faith 
of cladism. Rew also condemns 
the adoption of a transitory 
abbcration of Karl Popper, that 
as Darwin's theory was no more 
than an hypothesis, it did not 
meet the truly scientific require- 
ment of verifiability. The ques- 
tion of Malthus's influence on 
Darwin's "Powers. Checks and 
Choice" is succeeded by a scari- 
fying and remorseless account of 
Marxism — "An Atheist Provi- 
dence Guaranteeing Utopia" — 
followed by an account of socio- 
biology, a Harvard creed born of 
insect societies and assaulted 
within its home university by 
what Flew calls the right left 
Marxists! 

In the short concluding 
section "Progress, .social Dar- 
winism and an evolutionary 
perspective". Rew rightly will 
not draw "prescriptive conclu- 
sions from the neutrally des- 
criptive premises of scientific 
discovery", but looks ahead. 
"Survival of the fittest", 
imposed by Herbert Spencer, is 
repudiated even within a Vic- 
torian context. "Man is the 
creature which can. and cannot 
but, make choices: and it is upon 
the senses of these choices that 
the future not only of mankind 
but also of almost all other 
species now largely depends." In 
1953, Julian Huxley wrote 
"Man . . . need no longer regard 
himself as insignificant in 
relation to the cosmos." So, after 
thanks to Antony Flew, I must 
end. ' □ 



YOU DO NOT get much of a 
technical book for £5 these 
days, unless it is subsidised. This 
thick A4 reference work on all 
aspects of telecommunications 
technology is the result of a 
heavily subsidised joint project 
between British Telecom and 
the Association for Science 
Education. 

A group of 20 science teachers 
visited various BT research 
establishments and operational 
sites for short courses last 
summer and learnt about the 
technology in use. They then 
went away and wrote about 
what they had learnt. The result 
is a loosely bound collection of 
2 1 separate chapters on satel- 
lites, optical fibres, radio aerials, 
telephone exchange technology, 
digital code modulation and 
microwave radio links. 

Although the book is aimed at 
teachers, and suggests lest ques- 
tions and experiments, by a 
happy coincidence it also makes 
a valuable reference work that 
would not otherwise be avail- 
able. BT. and previously the 
GPO. has always been cagey 
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about publishing details of the 
technology used to carry speech 
and data signals around the 
country and across the world. 
Quite why BT now thinks it is 
safe to explain in some detail 
and in clear words how its 
equipment works is unclear. 
Perhaps it is an unforeseen spin- 
off from privatisation. Whatever 
the reason, BT's more open 
policy is welcome. 

Because of its formal, the 
book lacks an index, which is a 
pity. Suggestions for further 
reading would also be useful. So 
would a more robust binding. 
Because BT has used teachers to 
write the text, there is no 
coherent editorial thread. But 
most of the chapters stand alone 
as very valuable briefings on 
telecorhmunications technolo- 
gies. Perhaps now BT will think 
about publishing a definitive, 
and inevitably more expensive, 
reference book covering all its 
areas of telecommunications 



expertise. 



□ 
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IN SPITE of the familiar ap- 
proval of the heartier among 
us, few people positively enjoy a 
cold shower. This book is the 
equivalent in intellectual terms, 
so it is hardly likely to be read by 
the thousands of people to 
whom it would do the most 
good, those who believe, or half- 
believe, or think that there may 
be something in, considering it's 
there in black and white, an 
assertion that pyramids can 
sharpen razor blades or that we 
are intelligent only because 
space travellers mated with 
Earthfemales. 

It took me back to the days of 
my childhood and Sunday after- 
noons, stealing the newspaper 
from the head of my sleepmg 
father, where it had been placed 
like a steeply-pitched roof, and 
reading, for example, that 
Jericho had been discovered, its 
walls flat as pancakes, thus prov- 
ing that Joshua's trumpeter had 
been as eflicacious as the Bible 
said he had. Or that reports of 
the expedition finding the Ark 
on Mount Ararat would shortly 
astonish the world, with pictures 
to prove it. 

The Ark and its poetically 
attractive but practically absurd 
cargo is one of the most durable 
myths, of course, and it is the 
first one tackled by Stiebing Jr, 
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who is an associate professor of 
history at the University of New 
Orleans — somewhat dangerous 
territory, I should have thought, 
to start from in attempting a 
reasoned look at religious myth. 

Not that the theories and 
stories about mankind's past he 
steadily examines, while keeping 
a firm grip on the cold water 
supply, are necessarily religious. 
Stiebing is fluently dispassion- 
ate on Atlantis, the alleged 
mysteries of the pyramids, the 
innumerable and sometimes 
hilarious "discoverers" of Amer- 
ica, and wades into Immanuel 
Velikovsky and Erich von 
Daniken with the gusto and 
effect of someone wielding a fire 
hose. That has been done 
before, I know, but it is valuable 
to have all the refuting argu- 
ments for such powerful myths 
to hand. Besides, Stiebing can be 
succinct in demolition. Appar- 
ently, Daniken suggested that 
because an island in Egypt was 
named "Elephantine ', that 
proved that it must have been 



surveyed by some visitor in an 
aircraft, in ancient times. Other- 
wise, how would it have been 
known to the natives, with 
their feet on the ground, that its 
shape resembled that of the 
animal? Stiebing: 'The ancient 
Egyptians called this island 
'Yeb' or 'Yebu' ('ivory') because 
it was a trade depot for ivory 
arriving from sub-Saharan 
Africa. The present name 
derives from the Greek trans- 
lation of the Egyptian name; 
elephantinos means 'ivory' in 
Greek." 

No collapse of any stout party 
will follow such evidence, for 
there are thousands, and possi- 
bly millions, judging by the 
sales of boolcs about UFOs 
and Bermuda Triangles, the 
emotional lives of plants and 
jogging to cure every disease, 
who prefer to, or actually need 
to, believe such things. Most of 
us are familiar with the fanatic 
who has some claim or system 
that would revolutionise 
science, medicine, or world 



history itself if only the vested 
interests and massive obstruc- 
tion of dogma could be over- 
come. 

The fact that, in the past, 
certain theories greeted with 
incredulity have been proved 
feasible is used as an argument 
to justify the claim of anyone 
now ridiculed. (The Gershwin 
song, ''They all laughed", is 
based on this point, with lines 
such as "They all laughed at 
Wilbur and his brother when 
they said that man could fly. 
They told Marconi wireless was 
a phony. It's the same old cry." 
That could be the marching 
song of the Velikovsky Regi- 
ment.) Not the least interesting 
section of the book is the 
discussion of the reasons for the 
tenacity of popular beliefs and 
the general failure of scholars to 
examine them publicly. 

It is a pity, then, that it is 
marred by incompetent editing, 
verging on the flagitious. 
Typographical errors are 
frequent, Prometheus's printers 
have no sign for "pi" in their 
founts and, most disconcert- 
ingly, one page is printed twice. 
The author deserved better than 
this. □ 

* Available from: Mike Hutchinson, 
Prometheus Books, 10 Cresent View, 
Loughton, Essex IG10 4PZ. 



" nr HE first patient in your 
i- morning surgery is a 
32-year-old woman who has just 
read a book about food allergy. 
She has at last discovered what is 
wrong with her and is sorry she 
did not find out earlier. You find 
that a year ago your partner 
treated her for premenstrual 
irritability. She at first res- 
ponded to diuretics, then to 
progestogens ... At a time of 
stress she began to feel below par 
again. On a diet of lamb, pears 
and spring water she says she felt 
better than for some years— until 
she started adding extra foods 
according to the advice offered 
by the allergy book. Now all her 
problems are as bad as ever." 

With due apologies to all 
whose sensibilities are offended, 
those recent sentences by 
Maurice Lessof in The Prac- 
titioner (vol 227, p 573) aptly 
summarise the attitude of most 
clinicians towards one of the 
most fashionable diagnoses of 
modem times. True Professor 
Lessof went on to acknowledge 
that specific food intolerances 
are real enough, with causes 
ranging from hereditary lactase 
deficiency to overenthusiasm 
for chicken vindaloo. But as 
reported last year in the British 
Journal of Psychiatry {vo\ 145, p 
121) the majority of doctors are 
now convinced that most 
patients who believe they are 
allergic to dietary items 
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are simply wrong. 
Despite claims by 
commercial compa- 
nies offering impres- 
sive tests to reveal 
whether the morning 
Scrunchies or the 
afternoon Gungielets 
are responsible for 

the evening itching, 

orthodoxy holds that 
such symptoms are neurotic, 
not immunological. 

Horizon's challenge in tack- 
ling The Food Alleray War 
(BBC 2, 1 and 7 April] was to 
approach the subject with both 
sympathy and rigour. Tony 
Edwards's programme focused 
on America's "clinical ecolo- 
gists" and how in Britain "some 
respected doctors have begun to 
investigate their claims, with 
some startling conclusions". It 
began with a videotape of one 
arthritic cripple whose symp- 
toms had "virtually dis- 
appeared" after being treated for 
beef and wheat aller|y by Dr 
Marshall Mandell, disciple of 



Bernard Dixon 



pioneer clinical ecol- 
ogist Dr Theron 
mmmmammmH^mm I^^n^olph. Next, a 

aiaiaMKIiiiBi lady whose body used 
BSjjiBSHSMM to swell up, and who 
SSSSSSSSSSi *° unhappy that 
— — — — she had had to ask 

her children to leave 
the room, improved 
following four days 
on spring water to 
clear the system. When given 
com, however, her feet had 
begun to tingle again. Next, 
multiple sclerosis "became 
worse" after a patient ate 
banana. And when a hyper- 
active youngster was exposed to 
allergen toUowing internal 
cleansing, "his original behav- 
iour began to return". (He put 
his feet on the table and tried to 
kick his clinical ecologist.) 

From the very outset, 
Edwards put across these and 
other stories with appropriate 
scepticism, intercutting crit- 
icisms from Professor Raymond 
Slavin and other members of the 
allergy establishment. Fair 
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enough. But his efforts to 
instruct us in double blind trials 
and the other protocols very 
properly insisted upon by that 
property critical establishment 
were much less successful. It was 
not impressive, for example, 
when one small boy, incar- 
cerated in a doctor's surgery all 
morning and challenged with 
stuff from four bottles, started to 
become restless after the fourth 
bottle— which happened to be 
the only one containing corn. 
Was this really supposed to be 
science? 

Most of the action came from 
the US's private enterprise 
medical system, where it was 
hardly surprising to find former 
sceptics changing horses and 
joining the clinical ecology 
party. But the British reports 
were little more impressive— 
"dramatic results" (but no data) 
from irritable bowel work at 
Addenbrooke's, claims (but no 
facts) about migraine treatment 
at Great Ormond Street, and a 
deeply unconvincing "vaccin- 
ation" by Dr John Mansfield. 
All this and no attempt to 
explain precisely why the Annals 
of Allergy was just one of several 
joumals to have rejected papers 
in such a buoyant field. Perhaps 
Pioneer Randolph's beliefs 
really are being confirmed, as we 
were told. But there was literally 
nothing in this programme to 
buttress that confidence. □ 
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FORUM 

Forward with the Wallies 

Advanced communications technology (tom-toms and two cleft sticks) allows Chris Schofield to report from Sulawesi 



IT WAS inevitable, of 
course, that the ready 
wit of the combined 
services support personnel 
should quickly distinguish 
them from "the Wallies", 
the 17 scientists and ento- 
mologists in Indonesia for 
"Project Wallace" (New 
Scientist, 3 January 1985). 
Even the first trail cut 
through the jungle is labelled on their maps 
as " Wally 1 ". Yet the two groups work well 
together. Only two months into the expedi- 
tion, the entomologists have amassed a 
huge collection of insects from the forest, 
together with information about abund- 
ance, host plants and insect behaviour. 

The servicemen, who cook, clean, 
survey, cut trails, build bridges and gener- 
ally organise, have caught the excitement of 
the project. Aided by frequent seminars 
from the scientists, most of them have 
begun their own carefully labelled 
collections of insects, 
and have improvised 
cunning devices from 
ration tms and nets to 
capture, breed and 
preserve them. Only 
the "paras", it seems, 
resolutely stick to 
their main interest — 
hacking new trails 
and carrying huge 
loads of equipment 
through the forest. 

The Indonesians, 
too, are deeply inter- 
ested in the project. 
Assisted by the Brit- 
ish Embassy in 
Jakarta, they sort out 
documents and 
arrange transport for 
arriving scientists. 
They were amused by 
the packaging of the 
£250 000 worth of 
equipment on loan 
from the Ministry of 
Defence. It was 
delivered in five 
huge containers 
"provided" by the 
Argentines during an 
expedition to the Falklands. Nineteen 
armed motorcycle police proudly escorted 
it to the base camp, and presented only a 
modest bill for their services. 

Teams of Indonesian students are 
already visiting the project to receive train- 
ing in entomological techniques. Even the 
local beer company has arranged regular 
supplies of that essential commodity, and 
has set up gaily coloured parasols and tables 
outside the base camp. The camp itself is 

Chris Schofield lectures at the London School of 
Hygiene and Tropical Medicine. 




Still under construction, as 
indicated by a sign and a 
workmen's hut, but alter- 
native accommodation, in 
what used to be the offices 
of the local irrigation 
company, plus some army 
tents, is so far satisfactory. 

The forest, which makes 
up most of the Dumoga- 
Bone National Park in 
Northern Sulawesi, extends from 2 1 1 
metres altitude (plus or minus 5 metres, 
according to Captain Chris Dorman, who 
leads the surveying team) at the foot of the 
Project Wallace flagpole, to about 1600 
metres in the central hills. Trails to two of 
the original Dutch trigpoints in the hills 
have already been cut, so the survey team is 
on schedule for the difficult task of 
remapping the terrain. Although humid, 
the lowland part of the forest appears to be 
in a "rain shadow" from the forested hills to 
the north, west and south, so it is much 
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M 'lia needs a butierjly net when you can 
use a Jogging machine and rifle? 



drier than other rainforests. It is also health- 
ier, with few mosquitoes or leeches, and the 
service medical personnel are, profession- 
ally speaking, bored. They spend most of 
their time chasing butterflies, jogging, or 
helping to carry the huge loads of equip- 
ment to various sites in the forest. 

The main biting nuisance, thought at 
first to be chigger mites, which can transmit 
scrub typhusjhas been identified by Henry 
Disney as tiny Culicoides midges, which 
don't seem to transmit anything here. One 
of the Ghurka engineers went down with 
malaria, but, although several types of 



drug-resistant malaria have been reported 
from Indonesia, he responded very well to 
treatment. Within three days, he was up 
and oflering to cut trails through the jungle 
again. 

The forest canopy is fairly open, and the 
trees, although more than 50 metres tall, 
have narrow profiles and fairly small 
leaves. As a result, more light reaches the 
forest floor and the underlying vegetation is 
much thicker than expected. It is domi- 
nated by Rotans — savagely barbed palms, 
referred to as trees with no fathers by those 
who become entangled in them. The 
pattern of vegetation is reflected in the 
insect studies. So far, most of the "action" 
seems to be on the ground, with relatively 
few species up in the canopy. Traps, 
designed to sample crawling insects, day or 
night-flying insects, carrion flies, dung 
beetles or mosquitoes, have been erected at 
strategic points on the forest floor, in the 
understorey, and even high up in the 
canopy. As Dick Askew — recently arrived 
•from Manchester — commented, "There's 
so much going on, you can hardly find a 
good site to put up your own traps." 

The largest and most active component 
of the expedition at present is the "Insect 
Diversity Programme", led by Jeremy 
Holloway of the Commonwealth Institute 
of Entomology. The aim is to relate the 
diversity and abundance of major insect 
groups to environmental factors such as 
habitat and the type of vegetation. These 
studies rely heavily on the fogging activities 
of Peter Hammond. Nigel Stork and Chris 
Lyal, from the Natural History Museum, 
London. Using a modified rifle, they shoot 
ropes high into the forest canopy to haul up 
an insecticide fogging-machine. Once in 
position, a remote radio-controller switches 
on the machine to blast out clouds of 
biodegradable insecticide. Specially placed 
trays then collect the insects which 
succumb and fall. 

All the insects, from giant tiger-beetles to 
tiny fungus flies, are stored in preserving 
fluid to be carefully sorted back at the base- 
camp. Stork and Lval have a wealth of 
background data from similar fogging 
studies in forests throughout the world 
(including Richmond Park), and are build- 
ing up an archive of information about 
what goes on in difierent forest canopies. 

As Alfred Russell Wallace himself 
remarked in his account of his travels in the 
Malay archipelago, over 130 years ago, 
Sulawesi seems "poor in the actual number 
of its species, yet wonderfully rich in pecu- 
liar forms, many of which are singular or 
beautiful and absolutely unique upon the 
globe". Although it is too early to confirm 
Wallace's observations about the number 
of species, because so many of the species 
collected during Project Wallace are new to 
science, it is already clear that the levels of 
endemism are remarkably high. In many 
insect groups, over half the species already 
found here are not known from anywhere 
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else. This is also true of many of the verte- 
brate species, such as the troops of curious 
macaque monkeys which regularly hurl 
fruit at the entomologists. 

Many of the mammals and invertebrates 
of the Dumoga-Bone Park are accorded 
threatened status by the International 
Union for the Conservation of Nature. So, 
apart from the scientific studies, the infor- 



mation from Project Wallace will help to 
develop conservation and management 
plans to safeguard the unic^ue fauna of this 
part of Indonesia. The project has another 
10 months to run, and by then over 150 
scientists from 19 countries will have 
contributed. Hundreds of scientific papers 
should emerge from this, the largest ento- 
mological expedition ever mounted. □ 



Clinical ecology: a useful alternative 

Julian Kenyon and George Lewith explain how it can complement medicine 

CLINICAL ECOLOGY is a medical 
discipline which applies the idea that 
disease is wholly or partially caused 
by foods and/or chemical sensitivity. The 
subject first attracted interest from doctors 
in the US in the 1 930s, where it has since 
grown into a specialty in its own right, with 
all the attendant razamataz. In Britain, 
doctors have been slower off the mark, 
though interest was aroused in the eariy 
1 970s, when the Clinical Ecology Group, a 
society which accepts only medical doctors 
as members, was formed. 

The Clinical Ecology Group, recently 
renamed, the Clinical Ecology Society, 
believes that clinical ecology is really part of 
conventional medicine. Most conventional 
doctors, and some clinical ecologists, do 
not accept this argument. Their "narrow" 
view of clinical ecology would appear to bt 
both short-sighted and dull. A large 
number of alternative practitioners, some 
of whom are medically qualified, use 
clinical ecology in a more open-minded, 
but, in some cases, scientifically dubious 
manner. As a result, clinical ecology stands 
at an uneasy interface between conven- 
tional and alternative medicine. 

Much of the controversy about food 
allergy results from a misunderstanding of 
the terms involved. Allergy, to the immu- 
nologist, defines a very specific and limited 
group of recordable and repeatable immu- 
nological reactions. If patients do not 
produce a positive response to a scratch test 
(where a small amount of food is scratched 
into the skin), or if the antibodies in their 
serum or intestinal tract do not change in 
response to a particular food, then food 
allergy cannot be a problem. However, in 
many patients, with no immunological 
proof of allergy, removal of certain foods 
from the diet results in a marked clinical 
improvement. This has been validated in 
double-blind trials (D. J. Abboton, Clinics 
in Immunology and Allergy, vol 2, p 77). 

This, then, is what clinical ecologists call 
a food allergy, and they are often, perhaps 
rightly, derided by conventionally trained 

colleagues. The terms food sensitivity and 
food intolerance have been suggested as a 
way out of the semantic dilemma, but the 
basic problem remains. How can we 
explain this phenomenon, when no immu- 
nological changes have been demon- 
strated? A number of possibilities have 
been suggested, such as pharmacological 
reactions (as, for instance, in migraine 
attacks, brought on by the consumption of 
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Total allergy or total nonsense? Britain 's most celebrated victim 
pop singer Sheila Rossall 

food high in tyramine), or enzyme defi- 
ciences (the reaction to milk, for example, 
in people with lactase deficiency). 
However, these mechanisms explain only a 
fraction of the many bizarre, reproduceable 
findings unearthed by clinical ecologists. 

One of the more fruitful ideas to come 
from alternative practitioners is that multi- 
ple sensitivity (or "total allergy syndrome", 
as it is called by the media) may result from 
one of many underlying causes. The most 
common problem seems to be a disorder in 
gastrointestinal function, caused by pres- 
ence of abnormal bacteria in the gut. Some 
practitioners go on to claim that this condi- 
tion, which they call dysbacteria, can itself 
have a number of causes, from psycho- 
neurotic behaviour to repeated or long- 
term antibiotic consumption. A complex 
causal chain then unfolds, which is 
compatible with the declared aim of alter- 
native practitioners — attempting to treat 
the cause of illness rather than its symp- 
toms. 

In practice, causally-directed approaches 
to multiple sensitivity to food and chem- 
icals are often very ratifying, resulting in 
the disappearance of the sensitivities and, 
in some cases, of true immunological aller- 
gies. This causally-directed approach to 
illness contrasts markedly with the ther- 
apeutic approach of conventional medi- 
cine, which, from the patient's point of 



view, appears to consist of suppressing 
symptoms using drugs. 

Controversy between conventional 
doctors and practitioners of clinical ecology 
is most rampant when it comes to the tests 
used to define the foods and/or chemicals 
to which the patient may be reacting. 
Conventional doctors usually rely heavily 
on scratch tests. These are inaccurate, if not 
almost random, in defining food sensi- 
tivities. Blood serum estimations of various 
immunoglobulins, particulariy immu- 
noglobulin E, have also been used, but have 
been shown to provide no clinically effec- 
tive answers. Indeed, 
in one study, a diet 
for migraine patients 
based on the results 
of immunoglobulin E 
assessment was no 
more effective than 
random avoidance of 
certain foods. Con- 
ventional diagnostic 
approaches usually 
involve some in vitro 
test and are essen- 
tially reductionist; 
they fail to look at 
how the whole body 
reacts to a particular 
food or chemical. 

Alternative prac- 
titioners claim that, 
because the reactions 
occur within the 
whole body, in vivo 
tests should be 
used. They have 
suggested various 
methods, ranging 
from recording the 
skin impedance over 
acupuncture points 
to measuring muscle 
strength when the 
patient holds a sample of the suspect food. 
Conventional doctors are probably rightly 
dubious of these techniques. However, 
their criticisms are largely based on their 
own beliefs rather than objective obser- 
vations, and most have made no effort to 
understand the underlying principles. 

One of the tests used by alternative prac- 
titioners is the cytotoxic test. This is based 
on the observation that white blood cells, in 
food sensitive individuals, undergo changes 
of varying severity when placed in solutions 
of the food to which the patient is reacting. 
The results are variable, however; one 
private British clinic failed to obtain 
reproduceable results on duplicate blood 
samples taken from the same subject at the 
same time. 

At present, clinical ecology is an emerg- 
ing discipline, much of which is pooriy 
understood. The evidence that exists 
strongly suggests that some diseases, in 
some patients, are definitely the result of 
food and chemical sensitivity. 
Consequently, it behoves the medical 
establishment to take these ideas seriously 
and investigate them thoroughly. Clinical 
ecology also raises fundamental questions 
about how doctors perceive and treat 
disease. If it succeeds in forcing doctors to 
perceive disease in a causally-related 
manner, then the conflicts and debates that 
surround it will be of enormous value. □ 
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Why scientists keep it obscure 

Ted Nield reveals the motives behind the jargon and gobblcdcgook 



THE WORD "mystique" should have 
the same effect on a scientist as the 
word "culture" had on Field 
Marshall Goering. For. as he or she reaches 
for his or her favourite firearm, the reflec- 
tion should be that mystique is 
nothing more than a sense of 
awe towards something we 
know nothing about. It's our old 
friend ignorance in sheep's 
clothing. 

I was reading Sally Vincent on 
the subject of the sbciobiologisl 
(Radio Times. 2-8 March), of 
whom she says: "He has the 
mystique of a scientist." Now, 
sociobiologists may not be your 
favourite breed, in which case 
you might be tempted to assert 
that they have the mystique of a 
witchdoctor. This would imply 
(rightly or wrongly) that they 
live by the creation of a 
mystique, and nothing else. But 
science is there to dispel 
mysteries, not create them. So 
why does the public see those 
who practise it as magicians? I 
am afraid that we could moan about raising 
public awareness until all the sacred cows 
come home, but the fact is that scientists 
themselves are to blame, and know very 
well that they do it deliberately. 

That knowledge is power is nowhere 
better demonstrated than in the spectacle 
of people trying to keep it secret, and there 
has been plenty of that around lately. We 
can do it to save embarrassment, or so that 
nobody can attack what we say. Patrick 
Jenkin recently refused to reveal how he 
calculates rate-capping limits. Who can 
blame him? Access to information gives 
you the advantage — but can this be the 
motive among scientists? 

I think not. It is subtler, more everyday 
than that. I remember how my father, a 
teacher, was once moved to write (though 
not to post) his first and last letter to Tlie 
Times. It concerned a bricklayer who had 
been building him a wall, with whom he 
had talked at length. As soon as he 
broached the subject of bricklaying, 
however, the conversation was brought 
swiftly to a halt. "Ah," said the bricklayer, 
"now you're picking my brains." 

He was being asked to reveal the secrets 
of his trade, learnt during a long appren- 
ticeship and probably enshrined in a City 
and Guilds certificate. This knowledge 
made him a craftsman rather than a 
labourer, and to divulge it might betray his 
position as a skilled man. Maybe he really 
believed that explanation of the technique 
would enable a complete novice to build a 
perfect wall. But what he feared was that, 
once a member of the public was told how 
it was done, the notion that, "it's a skilled 
business, you need a specialist", would be 
eroded. 

Scientists today are no different from the 
craftsmen of old. The craftsmen's guilds 
existed to ensure that only the initiated 

Put simply, Ted Nield is a scientific writer. 



were privy to the truth. There was only so 
much room in the worid for masons, 
coopers, cordwainers and sagger-makers' 
bottom-knockers. Of course, no one would 
expect to become a Stradivari with a DIY 




Scientisis have much in common with the sagger-makers of old 

carpentry book, but the principle of 
obscurantism is always most strenuously 
held by those who know (in their hearts) 
that what they do lies mostly within the 
compass of any reasonably competent 
person. 

Technical language, in craft and science, 
exists for two purposes. One is to allow 
specialists to talk with ease about things for 
which common parlance has no terms. The 
other is to bamboozle the uninitiated into 
thinking there's more to the subject than 



there really is. What professional body 
does not use this technique to impress upon 
the government and the public how essen- 
tial their mysterious abilities are? What 
hapless academics do not cram the latest 
buzzwords into their dead-duck research 
proposals in a (not always) vain attempt to 
breathe a semblance of life into grant 
applications? What, after all, are scientists 
but professional men and women who, in 
the words of John Galloway 
(New Scientist. February 28, p 
43) are merely "trying to get 
on"? The mystique of science 
serves some very important ends 
which it may not be in their 
interests to dispel. 

As convenor of a conference. I 
once had a 150-word abstract 
sent to me. Despite being myself 
a specialist in the subject, I was 
unable to understand anything 
of the paper being described. Yet 
the sentences were correctly 
constructed, and gave a 
semblance of logic. The problem 
was vocab. 

I wrestled with it for a whole 
day. Eventually, by combing 
references on related topics in 
American journals, and by 
examining some outdated glos- 
saries, I worked out the main 
thrust of the implications in this great 
work. If I mentioned them by name, 
perhaps a non-palaeontologist would not 
see the sense of it. But the contention 
turned out to be no more complex (and not 
a lot more significant) than "some oranges 
have pips". Not an unimportant obser- . 
vation, perhaps, but hardly a world- 
shattering piece of news. Put like that, 
indeed, a little short on mystique. But then, 
great thoughts, simply expressed, do have 
the beauty of simplicity. □ 



Fast reactors, corrosion and smells 

More lines in the Westminster pool 
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i N fast reactor 
collabora- 
tion the 
Central Electricity 
Generating Board is 
currently negoti- 
ating with utilities 
in France. Ger- 
many and Italy 
the principles of 
future cooperation. 
Alastair Goodlad, 
Britain's under 
secretary at the 
Department of Energy, responsible for the 
UK Atomic Energy Authority, expects that 
those principles will include the possibility 
of cross-investment between the utilities in 
any demonstration fast reactors that may 
be built in Europe. 

Of course, there is the caveat that any 
definite proposal for such investment 
should be subject to a specific agreement, 
requiring the approval of the respective 
governments. 

I'm all for such progress, but I can imag- 
ine that there will be much indignation and 
binding-in-the-marsh among groups who 



oppose civil nuclear power, especially when 

they tumble to what exactly is going on. 
* * * 

JEFF ROOKER (Birmingham Perrv' Bar), 
he of the notorious Rooker-Wise amend- 
ment on pension benefits, which, to James 
Callaghan's wrath, cost the Labour govern- 
ment hundreds of millions of pounds, has a 
knack of asking highly pertinent questions. 
He now wants to know the significance of 
the limitation given in the Department of 
Environment circular 28/84 to the 
eligibility of owners of prefabricated rein- 
forced concrete houses designed before 
1960. Specifically. Rooker wonders 
whether dwellings designed after 1960 are 
not expected to be liable to cracking and 
concrete spalling to a .significant extent, as 
a result of corrosion of the embedded steel 
reinforcements. 

Ian Gow, the housing minister, replies 
that there are two distinct types of 
prefabricated dwellings in Britain. Those 
designed just after the Second World War 
were intended to provide, in the main, two- 
storey houses, and to be assembled by 
hand. That meant that the prefabricated 
sections had to be very light and slender. 
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Because they are slender, there is little 
protection for the steel reinforcement. The 
Building Research Establishment finds that 
all prefabricated reinforced-concrete houses 
built before 1 960 are likely to be affected by 
the processes of carbonation and attack by 
chlorides. Such effects lead to corrosion of 
the reinforcement and consequent cracking 
of the concrete. Prefabricated reinforced- 
concrete dwellings designed after 1960 
were generally made by casting whole walls 
and doors as single components. These are 
massive and robust, and were used not only 
to build houses but flats of up to 20 or 
more storeys. Because of differences in 
design, and improvements in the quality 
of reinforced concrete, the steel in these 
components is better protected. 

Gow says that there is no evidence that 
the main load-bearing components of these 
buildings are liable to rapid deterioration, 
or to consequent cracking and spalling 
found in prefabricated reinforced-concrete 
houses of the previous generation. 

MPs of all parties and shades hope there 

will be no more cuts in the budget of the 

Building Research Station. As a nation, we 

need an organisation to tackle the ongoing 

effects of carbonation and chlorides. 
* « * 

STINKS can be kicked up in more ways 
than one. People tell you that they think 
goats smell. Let them try sniffmg 
cormorants! Since these birds depend 
mainly on fish for their diet, you should not 
be surprised. Cormorants are thus the 
competitors of anglers and fishermen, and 
therefore tend to be given a bad press. So I 



View from the bottom 



The future for science looks bleak, says Sarah Guthrie 




am glad that these much maligned 
creatures have found a champion in Robert 
Kilroy Silk, MP for Ormskirk. 

Michael Ancram, undersecretary of state 
at the Scottish Office, tells him that the last 
survey of cormorants was made in 1969-70. 
Then it was established that there were 
3671 breeding pairs in Scotland. The 
Nature Conservancy Council advises 
Ancram that it sees no evidence to suggest 
that the number of cormorants is declinmg. 

I am heartened to learn, however, that 
the British Trust for Ornithology will be 
making a pilot study of these magnificent 
birds. The aim will be to determme their 
present number. Yet, come to think of it, I 
would rather that the cormorants did not 
come back to Linlithgow Loch. If they did, 
it is a certain bet that the rod-and-line 
brigade would be at my sui^ery door 
asking what I was going to do about the 
critters. Cormorants, like gypsies and open 
hospitals for the mentally ill, should be 
encouraged, but not. people say, chez moi! 
It's a hypocritical world. □ 



THE PESSIMISM of the 
letter from Sir Martin 
Ryle {New Scientist, 14 
February, p 36) shows the accu- 
mulated disillusionment of a 
lifetime in science. But fears for 
the future of science are not 
confined to the older generation. 
Even from the bottom rung of 
the scientific ladder, things look 
pretty bleak. Science has a 
serious malaise, and most of us 
are too frightened even to admit 
it. Many establishments face 
financial extinction. Where 
money is still forthcoming, 
defence is the main beneficiary. Hard-won 
advances are perverted as, for example, in 
the case of nuclear weapons. It is tempting 
to agree with Ryle's conclusion that, "in 
some cases, the resulting evil outweighs the 
good." 

Was Ryle right in believing that the only 
course of^ action is, in some areas, to stop 
fundamental science? I think so, but only 
if the cuts are made in the right areas. 
Defence research is an obvious candidate. 
But the shadow7 implication of the ques- 
tion, especially in the prevailing economic 
and social climate, is that fundamental 
research in many areas should be stopped. 
This, I believe, would be wrong. Pure 
research in many subjects is valuable, 
provided it is controlled and used correctly. 

Using economic decline as an excuse, the 
British government has cut back on crucial 
areas of research. At the same time, it 
misdirects existing funds to the wrong 
areas. Defence has not suffered; a recent 
survey showed that 55 per cent of research 
expenditure goes on defence-related 
projects. Elsewhere, the cuts made negate 
the holistic strategy essential for healthy 
science. Attempts to make science 
commercial surely deny any higher ideal of 
the general good it might produce. The 
government has divided academia by its 
"either/or" mentality, leaving Cambridge 
and Oxford intact, while seriously disabling 
universities such as Aston and Salford, 
once at the forefront of Britain's tech- 
nological development. Heads of 
departments have had to make agonising 
choices. Should they force premature 
retirement on older members of staff, or 
sack young lecturers? 

Financial stringency is bound to hinder 
good science. The paucity of grants now 
allocated by bodies such as the MRC and 
SERC means that scientists waste much of 
their time trying to write convincing grant 
applications. Many scientists, especially 
those with families, are dissuaded from 
research by the financial uncertainty of the 
three-year grant system. Of course, lack of 
finance causes competition, which, in the 
short term, may promote excellence. But 
eventually it leads to bitterness between 
colleagues, and is injurious to the long-term 
development of coherent research. 

Lack of social responsibility is hardly 
surprising when livelihood is at risk. Grow- 

Sarah Guthrie is a PtiD student In London. 




Sir Martin Ryle: wished he 
had been a farmer 



ing unemployment 
increasingly forces 
people into jobs with- 
out consideration of 
the moral and ethical 
implications. So 
spheres of work such 
as the defence indus- 
try become gradually 
more acceptable, and 
we begin to think the 
unthinkable. 

The present 
government preaches 
the doctrine of self, 
whereby individuals 
have to fight for their own interests. But 
how should the individual best serve soci- 
ety? There is no guidance, either from the 
government, at school, or at university. In 
science, any association between individual 
responsibility and the good of the whole is 
spectacularly lacking. Science is, in any 
case, a solitary pursuit. Many scientific 
departments are fiill of people working in 
diverse fields, with little idea of together- 
ness or common objectives. If anything, 
working in isolation is encouraged, to 
enhance career prospects, or keep a patent 
on original ideas. Excessive specialisation is 
promoted for the same reason. Research 
tends to progress haphazardly, with a view 
to obtaining and publishing results, often 
without regard to the moral implications. 

So what can scientists do to ameliorate 
the condition of science. First, we should 
restore to science its rationality. I think it is 
melodramatic to take the view that all types 
of fundamental research should be stopped. 
Certainly, research into nuclear weapons is 
scandalous and unnecessary. But in other 
areas we should seek to make reasonable 
rules circumscribing scientific activity. The 
government seems incapable of making 
moral assessments of our rapidly increasing 
scientific knowledge. Often, sensible legis- 
lation on, for example, the disposal of 
nuclear waste or experimentation on 
human embryos, comes too late to prevent 
a furore 

We cannot doubt that pure research is 
important, not least because potentially it is 
applied research. On the individual level, 
though, scientists engaged in such projects 
could be urged to consider the possible 
applications. Some areas of science may 
have foundered in the absence of construc- 
tive proposals for putting funds to good 
use. In the case of human embryos, for ► 
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► example, few scientists have supported 
their criticism of prohibitive legislation 
with concrete proposals for experiments 
that might benefit mankind. By avowing 
their positive aims, scientists might succeed 
in turning research in different, and better, 
directions. 

More importantly, scientists must find a 
group identity. In response to nuclear 
weapons, for example, they could form an 
influential lobby and be vociferous in 
opposition. Much headway has already 
been made by groups such as Scientists 
Against Nuclear Arms and the Medical 
Campaign Against Nuclear Weapons. 
Professional sympathy should encourage us 
to make links with other countries. The 
mobilisation of scientific expertise and 
articulate opinion on important issues is 
urgently needed. Many scientists, more 
addicted to coffee-room conversation than 
action, will have to pay the price of a little 
of their sang-froid, but it will be worth it. 
Science is not sacrosanct; its aims have to 
be fought for. 

Any hope for the future will rely on an 
increased sense of responsibility in the way 
we apply science, both individually and at 
the level of government. If government 
responds, we may by degrees attain a state 
where science puts the proper interests of 
mankind before commercial and selfish 
gain. If not, I might as well burn my PhD 
thesis and become a farmer, as Ryle wished 
he had done. □ 
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Some dominoes 

By Stephen .4inley 

MOST OF a full set of dominoes has been 
arranged in a 7 x 7 block with a hole 
in the middle. Please mark in the boundaries 
between the dominoes. There is only one 
answer. 
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A £10 hook token will he awarded to the 
sender of the first correct solution opened on 
Thursday. 25 April 1985. Please send entries 
to Enigma So 303. Sew Scientist. Common- 
wealth House. Sew Oxford Street. 
London ll'CIA ISO. The Editor's decision 
is linal. The winner of Enigma So 300, 
"Changes. Etc". Mas Richard Kerraway. of 
Sorwich. 

Answer to Enigma 300 

Changes etc 

Secretary. Entertainments Officer, Vice- 
president, President, Treasurer. 



A TALE was going the 
rounds at the British 

Psychological Society's 

annual shindig, at Univer- 
sity College, Swansea, last week, about a 
psychologist who found himself sitting 
beside fighter pilots at the uncomfortable 
end of a centrifuge. The psychologist 
wanted to find out more about pilots' 
vision when they black out during tight 
manoeuvres. Unfortunately, he was more 
used to the rigours of the senior common 
room than the comforts of a supersonic 
aircraft, and tended to pass out before his 
fitter and younger subjects did. 

After several fruitless and nauseous trips, 
it was clearly time for a rethink. It turned 
out that the effect under study could be 
simulated by pressing on the blood vessels 
serving the eyeball. 

The psychologist got his results, and 
presumably his revenge, by lining up some 
of the RAF's finest and asking them to poke 
themselves in the eye. □ 

DELEGATES at Swansea were also 
amused by the university's halls of 
residence. There are three halls. Each has 
eight floors and two lifts. One lift (for the 
boys) calls only at even-numbered floors. 
The other (exclusively for girls) stops only 
at the odd numbers. "What," wondered one 
delegate, "do they use the stairs for?" □ 

WE ARE PLEASED to report an April 
fool that has made a fool of the joker. 
Eraser Peacock, a subsidiary of the 
Granada television group, duplicates video 
tapes for film companies. The company 
can make hundreds of copies at a time on 
its banks of VHS and Beta recorders. 

Last week, just after the Japanese firm 
Sony announced its plans to sell combined 
cameras and recorders for 8-milIimetre 
video. Eraser Peacock announced that it 
would be buying equipment to duplicate 
films on 8-millimetre video. We are using 
camcorders with "cam" parts stripped out, 
it said. At least one video trade journalist 
started writing an article about the scheme. 
Other articles may already be in the pipe- 
line for publication. But of course it was all 
a big joke for 1 April. 

It's not a joke in Japan. Engineers there, 
who have penetrated Sony's camcorder, 
report that the electronics are designed to 
be separated easily into a camera and a 
recorder. Before long, Sony plans to launch 
just such a recorder. 

Sony's machine has a choice of two tape 
speeds, which give up to three hours play- 
ing time from a single cassette. This is more 
than enough to duplicate a feature film. 

In private, Sony has always seen 8 milli- 
metre as lite future format for domestic 
video. Journalists who fell for Eraser 
Peacock's little joke need not kick them- 
selves: they are only a few months ahead of 
the news. □ 

SPEAKING of April fools, London's 
Zoological Gardens is trying to reach 
out to a new audience of zoo-goers. But it 
really ought to develop its sense of humour. 
On the first of the month it answered callers 
with a stony recorded message: "This is 
London Zoo. A lot of people telephone us 
on April Fool's Day. If you have a genuine 
inquiry, please contact the operator." □ 
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REMEMBER those tele- 
vision pictures of the 

heroic medical community 

of Bhopal, swamped by tens 
of thousands of victims from the escape of 
gas last December? According to one 
French doctor who went to the scene, there 
was plenty that we didn't see. 

When the doctor, a member of Medecins 
sans Front teres, offered his services, the 
locals told him to go away. The story was 
that Western governments had been send- 
ing out observers posing as doctors to assess 
the way that medical services cope with 
such a disaster. Readers mav draw their 
own conclusions on the need for such data. 

When our genuine doctor persisted, an 
Indian doctor tested him by holding up an 
X-ray. "What's this?" he demanded. "Why, 
that's just an ordinary case of pulmonary 
TB," the Frenchman said. "OK, you'll do," 
was the verdict. □ 

TN TIME-HONOURED fashion, 
A Feedback has two pieces of news for 
gamblers this week. The good news, 
according to the American Physical Soci- 
ety, is that tossing a coin is not such a risky 
business after all. The bad news is that you 
need a perfect coin and a mechanical toss- 
ing machine to be sure of the outcome. 

Thinkers have been trying to calculate 
the probablility of turning up heads since 
1650 at least, when Pascal and Fermat 
analysed games of chance. The problem 
was that, although many equations give 
predeterminable solutions, in practice the 
results are completely random. All we have 
learnt is that, after turning up tails five 
times in a row, you are no more likely to 
turn up heads than at the beginning of the 
experiment. 

However, Vladimir Vulovic and Richard 
Prange. of the Institute for Physical 
Sciences and Technology at the University 
of Maryland, have cast new light on the 
problem. With an "idealised coin" . . . 
"randomness comes from the inability of 
the thumb and arm to toss the coin accu- 
rately, as well as imperfections in the floor, 
etc." 

"In other words, with sufficient care and 
practice, or with a precision mechanical 
tosser, the outcome of a coin toss can be 
predicted." All Feedback can advise gamb- 
lers is, beware of the idealised coin. □ 

PART TWO in the continuing series of 
lies, damned lies and statements by 
government press officers. While research- 
ing a story on the Customs and Excise's 
new computer (New Sclent isl, 21 March, 
p 3), our reporter asked customs press 
office where the computer was. "In 
London," was the reply. 

In fact, as we later discovered, the com- 
puter is at Shoeburyness. near Southend- 
on-Sea. We went back to the press officer, 
and asked him again. He came up with the 
trusty, but well-worn. "It is not Customs 
and Excise policy to say . . . " etc, etc. In 
fact, the government publishes a list of 
which computers it owns, and where they 
are. 

As an example of government mis- 
statements and cover-ups, it's hardly in the 
Clive Ponting league. But it makes other 
government press statements that much 
harder to believe. □ 
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Optical fibre 

We read with interest your article 
"The new-look optical fibre" 
(Technology, 14 March, p 23). 
We feel that your statement, 
"The dispersion shifted fibres 
are not as good at transmitting 
data at high speeds as the sin^e 
mode fibres with lasers" is 
wrong, and are of the opinion 
that in fact the opposite is the 
case. We have achieved 107 
kilometre data transmission at a 
rate of 1 300 megabits per second 
using dispersion shifted fibre and 
simple lasers. 

This result has excited us 
because not only is this a 
significant increase in oerformance 
for dispersion-shifted fibres with 
low-cost multiple-frequency lasers 
but it parallels results achieved in 
single-mode fibres with expensive 
single-frequency lasers. This means 
that in the near future 565 Mbit 
data rate transmissions over 60 
kilometre will become 
commercially significantly cheaper 
and more reliable. 

I hope you find our results as 
interstmg as we do. 
R. Mirauer 

Plessey Research (Caswell) Limited 

Towcester 

Northants 



CERNgang 

There are, I suggest, two other 
good reasons for Britain continuing 
m membership of CERN, 
beside those set out in Chris 
E>amereirs article (Forum, 14 
March, p 36). 

The first, which is utilitarian, is 
that many technological 
developments occur in the course 
of designing and building major 
accelerators— developments in 
electronic instrumentation, 
materials handling, civil 
engineering and so on, all of which 
are directly and immediately 
applicable in the economy. 
Such developments are freely 
available for commercial 
exploitation by anyone who cares 
to pick them up and can live with 
the fact that, by the same token. 



the development cannot be 
patented. Being a member of the 
organisation, however, gives us a 
head start if we are prepared to 
take it. 

The second reason is more 
abstract but much more important. 
CERN is a demonstration of 
international cooperation that 
works. The reasons may be 
disputable; perhaps because it has 
been left to scientists, perhaps 
because most politicians find the 
whole business totally 
incomprehensible, perhaps 
because the primary outcomes are 
not of any economic benefit in the 
short term. Whatever the reason, 
in my view a working proof that 
men and women from different 
countries can join in an effective 
enterprise is worth every penny of 
our subscription. That what comes 
out is good physics is a sizable 
bonus. 

Geoffrey Hubbard 
Council for Educational 

Technology 
London 

Quaint customs 

Perhaps you will allow me to 
comment on the article 
"Computer defects upset drugs 
crackdown" (This Week, 21 
March, p 3) about the Customs 
and Excise Oepartmental 
Reference and Information 
Computer (CEDRIC). 

Connor makes a number of 
misstatements but the main 
thrust of his article is that 
CEDRIC is a disaster. That 
is not true. It is working well 
and is proving a valuable tool for 
our drugs investigators. Moreover, 
it does not suffer from an inability 
to cross-refer as Connor suggests. 

Although STATUS has been 
used for similar applications 
by a few other agencies, the 
design of the CEDRIC system 
broke new ground in a number 
of respects. Like most pioneering 
projects it suffered teething 
problems but these have been 
resolved in a spirit of goodwill 
by cooperation between Customs 
and Excise, CCTA and Honeywell 



Information Systems. The 
system will shortly be included 
in the List of Computers in Central 
Government. 

Before he wrote the article 
Connor spoke to our Chief Press 
Officer and was told that there was 
no truth in the suggestion that 
CEDRIC had fallen short of our 
requirements and that we were 
well satisfied with its performance. 
L. D. Hawken 
H.M. Custom and Excise 
London 

Patently clear 

Barry Fox reports that patent 
application 8312589 on the 
Sinclair trike has not been 
published (Patents, 28 March, 
p 28) and asks "does Sir Clive have 
friends in places high enough to 
bend the patent rules? Or, is the 
Patent Office now running so 
inefficiently that it cannot publish 
as required by law? 

Fox overlooks the fact that many 
applicants deliberately decide not 
to take one of the procedural steps 
(for example, filing a request for 
search) necessary to take their 
application through to the 
publication stage. As a result, little 
over half the applications filed at 
the Patent Office are published. In 
the light of this it is apparent that 
there is nothing sinister in the 
non-publication of application 
8312589 and that Fox's allegations 
of rule-bending and inefficiency at 
the Patent Office are without 
foundation. 
Peter Bentley 

Patent Office Examining Staff 

Association 
Patent Office 
London 

Personality tests 

In the article "How to pick 
the personality for the job" (3 1 
January, p 12) Ghislaine Hubbard 
refers to the growth of personality 
testing in graduate selection. 

As the British publishers of 
the 16PF and several other 
personality measures, we consider 
that Hubbard's article presents 
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a one-sided view of the state 
of the art. It is true that the 
occupational personality 
questionnaire (OPQ), to which the 
article was largely devoted, is the 
most recent test to become 
available, but it does not represent 
a major innovation in personality 
testing. 

It is particularly unfortunate that 
the 16PF is referred to in the past 
tense. The 1 6PF is alive and well 
and has been adopted by many 
leading companies in Britain as a 
selection and management 
development tool. Over the 
years, users have collected a 
large amount of their own 
validity data on this test. In 
addition, the Gordon personal 
profile and inventory meets 
criteria of reliability and stability 
agreed by contributors to 
Hubbard's article as important in 
this area. By contrast, the 
reliability and predictive validity 
of the new OPQ has still to be 
demonstrated. 

Your readers should be assured 
that, in this area, the tried and 
tested has many advantages over 
the new. 
Tim Cornford 
NFER-Nelson 
Windsor 
Berkshire 

We welcome short commanications. 
We reserve the right to edit letters. 
Letters can be sent to Letters to 
the Editor, New Scientist, 
Commonwealth House, 1-19 New 
Oxrord Street, London, WCIA 
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Appointments and situations vacant 



Product Specialist 

Infra-Red 

Following recent growth of our infra-red business, we now wisfi to expand our product 
marketing support, with this new appointment. 

Candidates will be of at least first degree standard and have gained an authoritative 
knowledge of infra-red spectrophotometry. Probably aged under 35, the successful 
applicant is likely to be able to show distinction in a sales or marketing environment although 
chemists with outgoing personalities from leading analytical laboratories will be considered. 

As a memt>er of the intemational Philips Group, we offer excellent conditions of 
employment including attractive salary, 25 days holiday, subsidised canteen, group 
pension scheme and generous relocation expenses where necessary. 

If you are highly motivated, an excellent communicator and excited by the prospect of 
joining a dynamic young team operating in an international setting, write or telepnone for 
further details and an application form to: 

Mrs Carole Taylor, Personnel Officer, 

Pye Unicam Ltd ^nSrh'^v^^.^'""' 

A SCIENTfIC AND INDUSIBIAL COMPANY OF PHILIPS Tel: (0223)358866. 




PHILIPS 



liSSJiSouthampton^ 
l»f^ niL J 

I'MVEKSKfii 



DEPARTMENT OF 
PHYSICS 

TEMPORARY LEQURESHIP/ 
TEACHING FELLOWSHIP 

Applications are invited for the post of 
Temporary Lecturer/Teaching Fellow 
in the Department of Physics. Dulles 
will include some lecturing, tutorial 
teaching and laboratory demonstrating. 
It is hoped that the successful applicant 
will have research interests in experi- 
mental solid state physics or biophysics, 
compatible with those existing in the 
Department. The starting date will be 
September or October 1985 and the 
post will be for a period of two years. 
The starting salary will be at an appro- 
priate point towards the lower end of 
the lectureship scale. Further particulars 
may be obtained from Mr D. A. S. 
Copland. Staffing Department, The 
University. Southampton S09 5NH, to 
whom applications (seven copies from 

UK applicants) should be sent not later 
than 3 May quoting Rer2l4l. 



TOPEXPRESS LIMITED 
CAMBRIDGE 

Research Scientists 

We require research scientists to join a newly formed team of 
mathematicians and engineers who are developing novel systems 
for the active control of noise and vibration. This research and 
development programme is aimed at improving the understanding 
of the fundamental limitation on such control systems and 
designing them to approach those limits in practice. 
Candidates for this position must be bright and enterprising, and 
able to organise their own research in useful directions. A first 
class science degree Is essential, together with either a PhD or at 
least three years experience in acoustics, control or related fields. 
Other opportunities also exist for scientists of a similar calibre in 
the fields of signal processing and fluid mechanics. 
Topexpress, a scientific consultancy, has been established for six 
years and now employs some thirty scientists working on long- 
term research projects. Other work in the company includes signal 
processing, structural acoustics, aeroacoustics and other wave 
phenomena studies. We provide an informal working environment 
in central Cambridge and we encourage publication of research 
findings. We offer an attractive salary and a range of benefits 
including a share of the company profits. 

If you are Interested please write with a curriculum vitae and the 
names of two referees to Colin Ross, Topexpress Limited, 13/14 
Round Church Street, Cambridge CB5 SAD. 



HERMANN OHLTHAVER INSTITUTE 
FOR AERONOMY 

DEPARTMENT Of PHVSICS AND 
EUCTRONICS 

RHODES UNIVERSITY— SOUTH AFRICA 

Applications are invited from suit- 
ably qualified candidates irrespec- 
tive of race, colour or creed, for the 
following posts:- 

SENIOR RESEARCH 
ASSOCIATE 

To work in a new group 
investigating the middle atmos- 
phere by means of a tunable dye 
laser. Applicants should have some 
research experience, especially In 
the laser and electronic fields. 
Salary negotiable on the Senior 
Lecturer scale R21 354 - R28 086. 
Travel assistance available. 

RESEARCH 
STUDENTSHIPS (TWO) 

Leading to the PhD or MSc degree, 
in the same field. Postdoctoral appli- 
cants will be considered. 
Remuneration up to RIO 000 for 
PhD or R7000 for MSc. Travel 
assistance negotiable. 
For further particulars contact: 

The Director 

Prof J. A. Gledhill 

PC Box 94 

Grahamstown 

6140 South Africa. 
Telex 24-4226 SA. 
Telephone: 027-461-7128. 



UNIVERSITY OF SOUTHAMPTON 

RESEARCH FELLOW IN 
CHEMICAL PATHOLOGY 
Applications are invited from grad- 
uates in biological science to work 
on a project funded by the Wellcome 
Foundation to investigate the bio- 
chemical basis of a particular type 
of drug-induced aranulocytosis. 
The work will be based in the 
Department of Chemical Pathology 
and Human Metabolism. South- 
ampton General Hospital. Appli- 
cants should have a good first degree 
and at least three years relevant 
post-graduate research experience 
in cell biology/biochemistry. The 
post is for 2J years, starting around 
May /June and the salary will be on 
the University Research Scales. 
Additional information about the 
Job can be obtained from Ms Anne 
Burks Tel 0703-777222, Ext 3937. 
Applications (two copies) to include 
a cv and the names, addresses and 
telephone numbers of two referees 
should lie sent to Mr A. J. Small, 
Staffing Department, South- 
ampton University, Highfleld, 
Southampton S09 5NH before 30 
April, 1985. Please quote ref, no. 
85/14/AJS/NS. 
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Tropical Development 
and Research Institute 

The TDRI Is one of the scientific units of the Overseas Development 
Administration and collaborates with the developing countries to solve 
agricultural and heahh problems. 

Head 8f nNniite 
Ecology and Control 

...to join a multi-disciplinary organisation based in the Applied Ecology 
Department in London. You will lead a small specialist team engaged In 
research and development of termite control for aip'lculture and forestry 
You will be expected to spend some time In developing countries. 

You must have a good honours degree In Blologyi Zoologjf or Ecology 
and at least 4 years' appropriate post-graduate experience. A higher 
degree with specialisation in termite ecology advantageous. 

Appointment as Senior Scientific OfDcec Ref. SB/21/JD. 



Meat Scientist 



.. .to join a team in the Animal Products and Feeds Department based 
in Culham, Oxon, investigating post-harvest aspects offish, meat, hides 
and skins, dairy products, animal feeds and mycotoxins. You v^ill be 
expected to plan and execute applied research in meat technology, both in 
the UK and overseas; provide advice on meat handling and processing in 
developing countries. 

You should have a degree with 1st or 2nd class honours in a relevant 
discipline, such as Food Science or Animal Biochemistry and have at least 4 
years' post-graduate experience, preferably in Meatlechnologji Experience 
In Hides and Skins lechnology advantageous. 

(Senior SctontmeeilleK Raft SB/22/JD. 



SALARY: £9325 - £12050. £1300 higher for the London post. 
Starting salary according to qualiflations and experience. 
SALARIES UNDER REVIEW. 

Royal Botanic Gardens, Kew 

There arecurrently the following opportunities In the Herbarium, the 
work of which will cover the following i 



Advice and Research 
on Plant Conservation 

You will be responsible for advice on plant conservation. Including 
Kew's statutory role in relation to the Convention on International Trade 
and Endangered Species, and will be involved in research Into potential 
plant conservation problems and Identification of possible research areas; 
become familiar with (he national and International conservation legislation 
for plants, and maintain adata-bose for advlce in relation to Kew's 
conservation role. 

You should have a good honours degree in a relevant scientific subject; 
or an equivalent qualification and m ust also have a knowledge of the 
general conservation movement. Participation In plant conservation 
activities would bean advanuge. Reft S/6S02. 





Curatlonand 
Taxonomic Research 

You will be involved in curation, general naming and the development 
of a taxonomic research program me on either the Compositae or 
Cyperaccae hmWy, and prepare fk>risticaGcounts in relation to Kew's floral 
commitments. There are two appointments. For the Cypwc — post, 
curation and naming of related families will also be required. 

You should have a degree in a relevant scientific subject; or an 
equivalent qualifiation. R«ft S/6S03. 

Appointment as Scientific Officer £6635 - £8880 (including £730 inter- 
mediate London weighting) with surting salary according to qualifications 
and mperlence. SALARIES UNDER REVIEW. 

Food Science Division, London 
Opportunities with the l\/linistry of 
Agriculture, Fisheries and Food 



Niattiomatlclan 



You will provide a smistical and mathematical service to scienti$t$.This 
will invohw the Inurpretadon of chen^ analyses of food and of surveys 
of food consumption. Vlfork includes providing application programs in 
FORTRAN or APL, using computer packages, eg SPSS. GENSTAT and 
PLOT 10, and applying mathematical models to problems of dietary 
consumption. 

You should have a 1st or 2nd class honours degree or an equivalent 
qualification, in mathematics or sutlsticsor In a natural science If you I 
adequate knowledge of mathematics and statistics. 

AppeintoiMntu Selantffic Officer Raft SB/64/AE. 

Fisheries Laboratory, Lowestoft 



SUMISHGhn/ 

Mathematician 



The Research Support Group of the Fisheries Laboratory provides an 
expert technical information and programming service to scientists 
engaged in fisheries and aquatic environmental research projecu. You will 
analyse data arising in many disciplines using a wide range of satistical 
techniques. Vartous computer packages are employed, but new programs 
may need to be devetoped (or specialised appllcattons. There is a 
commitment to work at sea on research vessels. 

You should have a good honours degree or equivalent qualification in 
mathematics with specialisation in sutistics. A knowledge of computers 
and programming would be advantageous. 

Appointment as Scientific Officer Ref: SB/92/AD. 

SALARY: £5905 - £8150. Starting salary according to qualifications. 
Up to £1300 higher in London. SALARIES UNDER REVIEW. 

For further details and an application form (to be returned by 3 May 
1985) write to Civil Service Commission, Alencon Link, Basingstoke, 
Hants RG21 1JB. or telephone Basingstoke (0256) 468S51 (answering 
service operates outside office hours). 



The Civil Servka is an equal opportunity employer 



Scientific 

ovHStrvice 



Copyrighted material 
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Technical 
Appointments 

- Water Tteatment 

The Water Specialities and Services business of Albright & Wilson, winner 
of the Queen s Award for Export in 1983, has two technical vacancies arising 
from its plans to expand the business. Both posts will be based at Oldbury in 
the West Midlands. 

Technical Service Chemist 

(£7,300 p.a. to £9,200 p.a.) 

The successful candidate will be required to cany out laboratory work 
associated with the promotion of the Aquarite water treatment programmes 
and the servicing of existing accounts. Additional duties will involve carrying 
out trials on the sites of potential and existing customers. With experience, 
he or she will be expected to contribute new ideas to the development of 
Improved water treatment methods. 

Applicants with an aptitude for practical work must be qualified to a 
minimum of HNC standard in Chemistry and extensive problem solving 
experience in the water treatment industry is essential, with particular 
emphasis on scale formation and corroskxi. 

Technical Specialist - 
Oilfield Chemicals 

(£7,300 p.a. to £10,000) 

The main duties will entail the examination and formulation of products for 
oil field and water flood applications. In addition, development of new 
products and chemical blends together with providing an after-sales sen/ice 
to customers are important features of this job. There will be a requirement 
to supervise field trials both in the UK sector of the North Sea and abroad. 
Candidates must be qualified to HNC as a minimum requirement and 
ideally should hold a degree in Chemistry or Chemical Engineering. 
Considerable experience in product application formulation technology and 
problem solving associated with oil production and water injection is 
essential, together with experience of emulsion breakers, corrosion 
inhibitors, biocides and flow improvers. 

The salaries indicated above will be reviewed in May and the Company 
operates non-contributory pension and life assurance schemes. The annual 
holiday entitlement is five weeks. 

Assistance with relocation expenses will tie given where appropriate. 
Applicants, (male or female), should write or telephone for an application 
fonn to:- Division Staff Manager, Personnel Department, Albright & Wilson 
Ltd., Albright & Wilson House, Hagley Road West, Oldbury, Warley, 
WEST MIDLANDS B68 ONN. Telephone No: 021-429 4942 Extn. 402. 




PRINTING INK 

DEVELOPMENT 

Due to an expansion, a vacancy exists 
for a Graduate Devetopment Chemist 
Much of the project work Involves a 
highly specialised sector of the printing 
industry, although a broad previous 
experience of paste Inks is of some 
relevance. 

This senior post reports to the Tech- 
nical Director, and the experience and 
maturity of the appointee la likely to be 
reflected in an age of 30 plus. 
Location Is S.E. England. 
Please reply in confidence to Box No. 
D8S0. 



SUMMER TERN WARDENS 

Temporary posts to Warden and Census 
birds on two west Solent Nature Reserves. 
Applicants 23 -f . Wnte with SAE to Hants & 
loW Naturalists' Trust. 8 Market Place, Ro- 
msey. Hants SOS 8NB C'lming date 22 
April. 



GET THAT JOB! 

A professionally prepared cv could 
secure you that vital interview. 

Details from E>ane Services 
0727-66002. 



PHYSICS 

WeUlngton College, Berkshire 

A vacancy will exist in September, 
1985, for a weU-qualified 
PHYSICIST 

to teach at all levels throughout the 
school. The successful applicant will 
be someone who is anxious to play 
a full part in the life of the 
community. 

Applications, together with cv and 
the names of two referees to: The 
Master, Wellington College, Crow- 
thome, Berks, as soon sis possible. 



LINCOLN COLLEGE 
(University College of Agricnttliic) 
New Zealand 
LECTURER IN CROP 
PHYSIOLOGY 

Applications are invited for the 
position of Lecturer in the 
Department of Plant Science. 
Applicants should have a post- 
graduate qualification and research 
experience in crop physiology, pref- 
erably combining a sound knowl- 
edge of physiological principles with 
personal experience of crop or 
pasture production. Teaching at 
undergraduate and postgraduate 
levels will necessitate competence in 
such topics as water relations, 
photosynthesis, plant competition, 
etc. 

Commencing salary will be paid 
according to qualifications and 
experience. Academic salary scales 
are currently: Ijecturer NZ$21 660- 
$25 684, Senior Lecturer NZ$27 088- 
$34 387. Under exceptional circum- 
stances the position may be filled at 
Senior Lecturer level. 
Travel and removal expenses are 
reimbursed up to specified limits. 
Oovenmient Superannuation is 
available. Initial enquiries may be 
made to Professor J. G. H. White, 
Head of the Plant Science 
Department, at Lincoln College, 
Canterbury. 

Conditions of Apix>intment 
containing further dettdls of this 
position are available from the 
Secretary General, The Association 
of Commonwealth Universities 
(Appts), 36 Gordon Square, London 
WCIH OFF; or from the Registrar, 
Lincoln College, Canterbury, New 
Zealand, with whom applications 
close on 22 May, 1985. Please quote 
Vacancy No 85/16. 



UNtVERSITY OF EXETEB 
Department of Chemistry 

POSTDOCTORAL RESEARCH 
ASSISTANT 

Applications are invited for an 
SERC Postdoctoral Research Assis- 
tant for a period of two years from 1 
October, 1985. The appointee will 
Investigate the fluxlonal properties 
of organometallic complexes using 
one-and-two-dlmensional spin 
polarisation transfer n.m.r. tech- 
niques. Work will be carried out In 
collaboration with Professor E. W. 
Abel and Dr K. G. Orrell and will 
concern the study of carbonyl 
exchange and its relationship to 
other fluxlonal processes in transi- 
tion metal complexes. Applicants 
should have experience in modem 
FT n.m.r. techniques applied to 
inorganic or organometallic com- 
pounds. 

Starting salary will be within the 
range E7520-E7980 pa + USS. 
Applications, including cv and 
names of two referees, should be 
sent as soon as possible to: Dr K. G. 
Orrell, Department of Chemistry, 
The University, Exeter EX4 4QD. 



THE LONDON HOSPITAL 
MEDICAL COLLEGE 
(University of London) 
LABORATORY SCIENTIFIC 
OFFICER IN BIOCHEMISTRY 
There is an immediate vacancy for a 
Laboratory Scientific Officer in the 
Department of Biochemistry. Major 
duties will include assistance in the 
practical classroom. Applicants 
should possess an HNC or equiv- 
alent in an appropriate discipline. 
Salary range £5738-£8096 plus £1084 
London Weighting. 
Please contact the Assistant Secre- 
tary (Personnel) Tel 01-377-8800, 
Ext 12/13 at The London Hospital 
Medical College, Turner Street, 
London El 2AD for turther details 
and an application form. 
(Closing date within 21 days of this 
advertisement). 



C(-' 
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Technical Officer 

synthetic organic chemistry 
agrochemicals research 



attractive salary 

The Agrochemicals operation of May & Baker - 
based at Ongar in Essex - is expemding its original 
research activities in its role as one of two centres of 
excellence for the Rh6ne-Poulenc Group, of which it 
forms a strategic element. 

The Group has recently committed nearly S7 
million to new R&D facilities and is now one of the 
top 6 agrochemical companies in the world, with the 
Ongar site having sole responsibility for insecticide 
synthesis for the Group. 

As an experienced Technical Officer, you will join 
and play an active part in an established research 
team and be responsible for the design and 
synthesis of novel compounds within specified 
programmes. Your depth of experience will be seen 
as a valuable asset to our continuing research 
programme. 

In your late 20Vearly 30's, you should be educated 
to HNC level - protably graduateship of the Royal 



Ongar, Essex 

Society of Chemistry - and have proven long term 
practical experience. Ideally you will have specialist 
skills in the synthesis of agrochemicals. 
We offer an excellent salary, dependent on your 
experience and ability. Benefits are those appropri- 
ate to a major group and will include assistance with 
relocation expenses where applicable. 
For an application form please telephone 
01-730 7584/7749 (24 hour Ansafone) 
quoting refNS/1 89. 
M. Hordem, 
HAY-MSL Selection & 
Advertising Ltd., 
52 Grosvenor Gardens, 
London SWIW DAW. 



M&B 



May & Baker 



ASTON UNIVERSITY 

DEPARTMENT OF 
CIVIL ENGINEERING 
AND CONSTRUCTION 

Opportunltes exist for engineers and scientists, who have or 
expect shortly to obtain good honours degrees, to pursue 
research leading to a PhD or MPhil. Financial support will 
be available from a numter of sources for projects related 
to the department's main areas of research interest, in 
which it has active groups with excellent facilities and 
international reputations. 

These are in the fields of: 

Construction Materials (physical and chemical properties of 
hydrated cements, durability and protection of concrete, 
corrosion of metals, fire behaviour of structural materials, 
exploitation of waste materials, soil freezing phenomena, 
computer simulation of mechanics of particulate materi- 
als). 



Systems And Remote Sensing (software development for 

satellite image processing and analysis, pattern recognition, 
artificial intelligence, geo-data-bases, application of remote 
sensing to earth and environmental sciences, to land and 
water resources, and to civil engineering and hydrology). 

There may also be opportunities for individual research in 
the areas of structural design, design and construction, 
transport planning and construction management. 

Further information may be obtained from: 

Dr C. L. Page, Department of Civil Engineering and 
Constraction, Aston University, Aston Triangle, 
Birmingluun B4 7ET. 
TeL No. 021-359 3611. 



OBaltelle Geneva Research Centres 

is seeking for its Industrial Technology Centre a 

POLYMER 
ENGINEER 

to develop new activites in polymer applications. 

Candidates should have a university degree in the 
field of Polymer Science and Technology, Materials 
Science or Polymer Engineering and an ability to 
identify, promote and lead research projects. 
Industrial experience would be an advantage, and the 
following technical expertise will be decisive in the 
choice of candidate: 

* Fabrication of end products, including composites, 
particularly by new technologies (pultrusion, R-RIM, 
etc.). 

* Knowledge of relationship between product 
characteristics and processing parameters. 

* Capacity to identify market opportunities for new 
processes and products. 

This position offers: 

* Good salary and benefits. 

' International and multidisciplinary work environ- 
ment. 

* Wide contacts with industry. 

* World-wide travel opportunities. 

Please address applications, including cv, photo- 
graph and salary requirements to: The Personnel 
Manager, Battelle, 7 route de Drize, CH-1227 
Carouge/Geneva, Switzerland. 



Cci 
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Medical Physics & Bio-Engineering 
Opportunities 

Saudi Arabia 

General Arabian Medical and Allied Services Limited (GAMA) is the Hospital Management 
Company providing consultancy services to ttie prestigious Riyadti Al-Kharj Hospital 
Programme in Saudi Arabia. The Programme includes the 620-bed Armed Forces Hospital 
in Riyadh, a 61 -bed satellite Hospital 50 miles to the South at Al-Khati and a number of 
[peripheral clinics. These modem, well equipped Hospitals provide sophisticated medical 
services to the employees of the Armed Forces and their dependants. 

The department of Medical Physics and Bio-Engineering at the Riyadh Armed Forces 
Hospital is the largest such department in the Middle East vAth a mainly British staff 
numbering nearly 50. The department offers excellent facilities to allow well qualified 
professionals to undertake a wide range of clinical support and development activities in a 
busy, modem department. Senior staff may have the opportunity to travel to other parts of 
the Kingdom as the department is often called upon to provide consultancy services to 
other Hospitals and projects throughout Saudi Arabia. 

The following senior opportunities now exist within the department: 

CONSULTANT PHYSIQST 
Bio-Engineering Section (ref . 6051 ) 

CONSULTANT PHYSiaST 
Nuclear Medicine & Ultra Sound Section (ref. 6083) 
c£52,330p.a. TAX FREE 

Candidates for the above posts must have a minimum qualification of M.Sc. (Ph.D. 
preferred) and approximately 1 0 years' relevant experience. 

SENIORTECHNICIAN 
Bio-Engineering (ref. 6067) 
c£25.700 p.a. TAX FREE 

Candidates for this post should be qualified to HTEC or equivalent level and should have a 
minimum of 5 years' relevant experience. 

BENEnTS 

These married or sinjBle status contracts are normally offered for a two-year initial 
term and carry l)enents which include: free fuUy-fumished accommodation; four 
weeks' leave after every six months service; free air fares (including leave flights); 
free health care and extensive recreational facilities. These benefits also apply to 
dependants of married candidates. 

The sterling salaries quoted are based on 4.1 Saudi Rlyals = El and Include a bonus 
of one month's salary for each year of satisfactory service payable at the end of 
your contract. 

Please write with a comprehensive curriculum vitae or telephone for an 
application form to: 

Susan Crlce, 

G ANA INTERNATIONAL UNITED 

6 Duke of York Street, Undon SW1 Y 6LA. 
Telephone: 01-839 6843. 




CHEMISTRY GRADUATES 

ARE YOU UNEMPLOYED 

OR REQUIRE TEMPORARY 

WORK? 

Coniactasol Ltd. a manufacturer of 
sterile ophthalmic products, require 
temporary day and shift chemists to 
work in Quality Control Department 
analysing raw materials and products 
Initial penod of employment of three 
months Good rates of pay. If 
interested, please wnte with CV or 
telephone immediately. 

Mr C. Skiller. 
Chemistry Section Head, 
CONTACTASOL LTD, 
Unit 2, Leigh Close, 
161 . Kingston Road. 
New Maiden. Surrey. 

Tel: 01-949 5616. 



STBABTIiOLOMEW^HOSPriAL eg 

West Smithfield. London EOT A 7BE 01 600 9000 

COMPUTER PROGRAMMERS 

We are seeking programmers with relevant degrees to work with 
the existing Computing Unit team on an expanding developing 
programme. 

The successful applicants will be expected to undertake a range of 
responsibilities for the maintenance and running of existing 
systems as well as new development work. They must be 
expenenced in FORTRAN and familiar with the use of database 
management systems. A knowledge of microcomputers would be 
an advantage. 

Salary: (Scientific Officer Scale) £7020 - £9808 pa inc. 

For job description and application form please contact the 
Personnel Department on 01 600 9000 ext 3188 quoting ref no. 
AB/19. 

THE CITY AND HACKNEY HEALTH AUTHORITY 



CNTVEBSmr OF UViaiPOOL 
School of ChemistiT 

AppUcatlons are invited for the 
following three SE31C awards from 
candidates who have obtained, or 
expect to obtain a first or upper 
second class honours degree In 
chemistry or a related subject. 
METALLOPORPHYBINS AS 
CONFORMATIONAL PROBES 
This project involves the devel- 
opment of metalloporphyrlns as 
NMR probes of molecular structxire 
and complexatlon. 
MOLECULAR MODELLmO 
STUDIES OP BIOLOGICAL 
SYSTEMS 

This project is with Roche Products 
and Involves computer modelling 
and NMR studies of the electro- 
static InterBCtions in metal- 
loenzymes, nucleotides and drugs. 
COMPUTER MODELLING AND 
NMR STUDIES OF ZEOLITES 
The project is with ICI (New Science 
Group) and Involves computer 
modelling of zeolite cavities and 
NMR studies of the zeolite 
sutistrates. 

Informal enquires may lie made to 
Dr R J. Abraham. 
All applications should lie made to 
The Registrsu-, The University, PO 
Box 147, Liverpool L69 3BX, as soon 
as possible. 

Quote Ref: RV/232/NS. 

BOTHAMSTED EXPERIMENTAL 
STATION 

Harpenden, Herts AL5 2JQ 

PHYS ICIST /ELECTRICAL 

ENGINEER 

required to join a research team 
investigating radar to monitor 
airborne pests. The appointment 
will be for a maximum of three 
years. Duties will be to measure the 
radar cross section of insects, to 
investigate their microwave scatter- 
ing properties and devise a radar 
taxanomic key. 

Applicants should have a degree or 
HNC in Physics or Electrical/ 
Eaectronlc en^eerlng with appro- 
priate post-graduate experience for 
appointment at the higher grade. 
Potential 1985 graduates invited to 
apply. 

Salary: Higher Scientific Officer on 
scale £7435-£10 039; Scientific Offi- 
cer on scale £5909-£8153. Non- 
contributory superannuation. 
Applications to The Secretary quot- 
ing Ref 576 and giving the names of 
two referees by 26 ApriL Further 
details on request. 
We are an equal opportunities 
employer. 

UNIVERSITY OF ABERDEEN 
Department of Anatomy 

RESEARCH ASSISTANT 
Applications are Invited for a posi- 
tion as Research Assistant to work 
on a project investigating the 
morphological effects of under- 
nutrition during early life on the 
development of the rat cerebelliun. 
This will Involve both light and elec- 
tron microscopical techniques. The 
project is funded by the Wellcome 
Trust and is for a period of 29 
months. The successful candidate 
will be expected to register for an 
MSc degree. Applicants must have 
or expect to obtain an upper second 
class degi^ in a relevant Biological 
Science. 

Initial salary on the minimum point 
on the IB scale £6600-£8920 for 
Research and Analagous Staff. 
Application forms are available 
from The Secretary, The University, 
Aberdeen, with whom applications 
(two copies) should be lodged by 
26 April. 1985. 
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Shell Research Limited has a vacanc7 for a Technician to work at their Research Centre 
nearSittin^hourne. Kent. 

The Plant Cell and Molecular Biology Group is seeking an experienced technician to 
join a team developing propagation methods for forest trees. 

The person ap|X)inted will be primarily involved with propagation and care of a number 
of exotic tree species in the gla.sshouse. The work will also involve multiplication and 
rooting of plantlets (using plant tissue culture techniques) and their establishment in 
soil. The job may require working visits overseas. 

The ideal candidate would have several years' experience in the propagation of woody 
species, plus some experience with plant tissue culture techniques. A formal horticultural 
or related qualification would be an advantage. 

The starting salary will be competitive, in line with your qualifications and ex]x;rience. 
You will work in well equipped laboratories situated in a 500 acre farmland site, and 
enjoy excellent facilities for .sports and .social activities. 

Plea.se write for an application form quoting reference No. 840035 to: Mrs. M. Newton. 
Personnel Division (PNS/2). Shell Research Limited. Sittingbourne Research Centre. 
SittinglxHirne. Kent ME9 SAG. Closhigdtilefordlyfyliculions is Afyril 25lh. 1985. 




HEAD OF MICROBIOLOGY 
DEPARTMENT 

Due to an internal transfer a 
vacancy has arisen for an experi- 
enced research microbiologist to 
manage the research and service 
activities of a large microbiology 
department. 

Applicants should have received 
formal training in microbiology at 
least to degree level, have substan- 
tial research experience in food 
preservation and processing and a 
good up-to-date theoretical and 
practical knowledge of microbial 
physiology or biochemistry. Prefer- 
ence will be given to candidates with 
management experience. 
Salary will be dependent on age, 
qualifications and previous experi- 
ence. 

Application forms are available 
from the Secretary-General, The 
Campden Food Preservation 
Research Association, Chipping 

Campden, Olos. OLAS euD. 

CROYDON HEALTH AUTHORITY 
Mayday Hospital 

AUDIOLOaiCAL SCIENTIST 
To continue development of the 
department while undertaking 
practical procedures within the 
Clinic. 

Post Probations Salary Scale: 
£6813/£7525 pa plus £648 London 
Weighting. 

For application form and/or to 
arrange informal visit, please 
contact Unit Personnel Depart- 
ment, Mayday Hospital, Tel 01-684 
6999, Ext 3721/3530. 



BIOLOGIST WITH 
COMPUTING KNOWLEDGE 

Rohm & Haas, a major US research based 
chemical company, has an exciting and unusual 
vacancy for a Biologist with some knowledge of 
computer science. 

The job will be office based at the Company's 
European headquarters in Holbom and will entail 
editing the technical content of material received 
from the field, market research, and running the 
PC database programs system associated with this. 

The person chosen will have a degree in 
Biological Sciences combined with data processing 
and will probably be aged 22-25. This is an 
excellent opportunity for a hard-working and self 
motivated young person to join the Company's 
highly successful agricultural team. 

Please write, enclosing a brief CV, for an 
application form to: 

Mrs Ingrid Francis, Personnel Officer 



ROHM HMD HRRS (UK) UIMITEa 

LENNI6 HOUSE, 2 MASON'S AVENUE, 
CROYDON, CRg 3NB, ENGLAND. 
TELEPHONE 01-686 8844 



A 



IMPERIAL COLLEGE 
Department of Physics 

POSTDOCrrORAL RESEARCH 
ASSISTANT 

required with experience in plasma 
physics, laser physics, or atomic 
spectroscopy to join a group work- 
ing on a promising new method for 
accelerating particles to ultra high 
energies in a plasma by a laser b^t 
wave. The work is based on the high 
power Vulcan laser at the 
Rutherford-Appleton Laboratory. 
The three year SEaiC funded 
appointment commences on 1 May, 
1985 with a salary in the range 
£8753-£10 153 including London 
Allowance. 

Enquiries or applications (cv, publi- 
cations list, and two referees) to 
Professor M. G. Haines, The 
Blackett Laboratory, Imperial 
CoUege, London SW7 2BZ (01-589 
5111, Ext 6871) as soon as possible. 



BREWING 
MICROBIOLOGIST 

Charles Welts Ltd, a successful indepen- 
dent company requtrea senior techntcian 
for the microbiology section of their 
modem brewery. Tne successful appM- 
cant will report directly to the Chief 
Chemist as well as liaising closely with 
other senior mar^agefs. 

Applicants must have HNC Micro- 
biology or equivalent. 

Saury will depend on experieiKe and 
qualifications There are 20 days annual 
leave plus generous fringe t>enefTts. 

Apply in writing with full personal 
details including current salary to:- 

J. C. ClnnaiTior>d BSc. C. BM. Ml BM 

Chlaf Chemist 

Chsrtu Wall* Ltd 

Th* Brcwsry 

Havalock StrMt 

Bedford MK40 4LU. 



Cl: 
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SCIENTIFIC SUPPORT 
OPPORTUNITIES 

ACMS-Agricultural Science Service 

Fisheries and Farming 

NUTRITION CHEMIST 

Cardiff 

«_ - -1,1- UM 1 1 111 J * " • * ' -» - II M J *- ll 111! MM* " ■» ■ II 1 iMm II " - » ■ ■ ■ 

...iDpraMoBaCHnnncsupponioiiw^ neasanaiXMiMMXioireaUR^ieoora 
MiilM^inclu(lnQ9oni|ilfiQ<iKltNonilnQUon of onknol p8rttiinwnMi>WlillBolflnQl|fihondwpoit<iillfi|^ 

SOILSCIENTISI5 

Cambridge, Leeds &nd Newcastle 

... to piDMe scientific support tor Soi Science Advisers. cvpropriote subject, ^ricultural or oltier related es^Mlenoe 
includtaQoanyinQoultieldinMiigGion%8tatlstioalanal|f989L wouUb6anodwiilQoe.AlulwldUK(MiinolE(no8ls 

llbu*0(MhawadRgnaiHNDarflqMartinan /(ppolnlmtntasMaMkOaiKMIMIML 



Ffeheries Researcli Directorate Lowestoft 

TTwreorecurrenttirlwDopportunltiesforexpenencedfisheries tisli stoclslntheNortlSBaandalxentwolers.'RieyQRas 
scMiststoJoinateamresponsUslvttiemanagBmentof Mcws: 

BIOLOGIST/MATHEMATICIAN 

Stiellfisti 

^ANJWiNlMr6^)Qnfll)toforan8nrMnlBof lolMlBtcrabQnd onpopiAiltan<f|fnQmic3,andon1twnoliMQndlnipQCtof 
shrimp slocks, using current fishetyorxlsheMiShery models. IheltcphheiteStWtiichwWiBodtoltmwillcwtaiofnwif 
\txiiMi also be estpected to dMiop and lead new research fisheries ntoragement strategies. 

BIOLOGIST 

Freshwater and Coastal Species 

\buwlinitiat8andcanyoutfesearchonaspectsofbtology, \bu should have o good honours degree in o biological 

assessmentandmanagementoffi5hstocte.lnitialyyouvMl science ond have at least 2 years postgraduate research 

inwesHgote eel stocks and fisheries and also coastal fisheries expedencem me oppropitatefleklPortheSheMsh post, your 

uahOfllnet^poasMyniwInotDsluiiesotsalnKinldslDc K dsiaweshotMhowoaliwoconiponentotttlomoi^^ 



Qnd6ix)losKondualislniiiulliHiiijlksorpli|nicswltt)on 
BotioppomimgiftenByaoonirTitmentfcXKxttOtSBQ on apWudeforecologicalwnkmayapplK 
ttwMhlsliYlstw e ar ch ve ssels and on vBssBbdwrtered by AjipointmentcisMgherSdenMleOMeitRtfrSI/VI/AD. 

ItieMinlstiY 



tilBiIWi GiliiiiIWi Offlui CIMOO — £81SQ;HlgherSci8ntllc 
onoer£7436 - £10096. StarttaosctayaoooRlngtD 

For further details and on oppttcolnn form (to be returned by 
3 May 1986) write to Oiil Service Commissnn, Alencon Link. 



IKM|tfBIUW|,nUiB^Kbi£l IJB^OflUli|JIMIUUUMiyhlUlW 

(02S§) 468661 (ansMrinQSflntoopsiQlBSOUlsidBOfnoB 

hom). 

PiMss qooIb oppfoprtoM raflfWIC8. 
lhtCMi l i f¥i riilinnMiini 



Ministry Of Agriculture, lislieriesancl 1^ 



UNIVERSITY OF EDINBURGH 
BtWU miEIIT S gff 

AND COMPUTER SCIENCE 

ONE LECTURER 

* ■ - ■ ■ — JaaJ Mmm — t— —X 

H Pfm C mmSnB mm MK UMJ TPr ■ JOH POW Or 

Ueluw in the Departmsntt of CompuMr 
Science and Artificial krteigenca. The 
woimee will teach in botf> Deimi n m ni 
end wM GonduBt iMNroh bno meolv 
flhteed rwflonlng. Cunvnt re m re h Intsf- 
ests include: Logic Programming and the 
automation of mathematical reasoning in 
the Artificial Int e ltg an ca Oapartment; the 
semandw of oeinpuMlani pragreniming 
logics and macWha Mili tt d raaaoning in 
the Computer Science Department. 

DepartoMiitsf Com p«iter Science 
TM lj6CtlF6fSf 

One Computing Officer 

Apptcationa ac« Invitad for thraa posts in 
dw DifMrViiMl of Conipiiliir Scianca. 
On* Laetinr wS apsdaba In VLSI 
Oaaign, panjculaffy its application to 
highly concurrent systems. He/she wM 
join an active group of VLSI woriters 
engaged in research into novel design 
toola, silicon complatian aiNt fomial 
Vilification systema. 
Tt» aacond Lacturar «HI praiMHy Iwm 
research interests in computer systems 
and/or communications txjt strong candi- 
dates of . any specialisation within 
oonpuiar a c l w i o o aiv Invind lo apply. 
Fundi fof ftffdw posts ere sxpecied. 
The Computing Officer win undertake a 
smal amount of teaching, but is 
prindpaly requirad to design, construct 
and makttain tfia soflMwe end IWdiMSM 
requirad to support the ri w uc l i and 
teaching pfogmmos of ttie Department. 
Salary Scala (uidar review): 
Lacturar £7520-£14 92S 

Computing Officer £660O-£12 ISO 
wWi placement according to age. 

The tnadianiaad iMaonkig and the VLSI 

design posts are funded urxler the UGC 
Information Technology initiative, a per- 
son alraady holding a pannanant uraver- 
alty appokimism ki dN UK imy not ba 
appointed to aiiltai of thaaa two posts. 
Applications by letter, including a cv and 
the names of three referees, should be 

sent to: The Secratafy, Univarsity of 
Edtotagh, Old ftiiw. Saudi Wdgeb 
m saiwgn ctio v t l, iiuih ¥riiiiii imnaf 
particulars may be obtainad. CMkig 
date: 3 May. 1985. Late i pplc e Bo ni 
might be conaiderad. 
rm llMilnlni mfTTiimil. Siiiillwniinilei 
or die appfeatfan Md tpnia Rsf 112. For 
the other poste* send one oopy end 
quote Rif IT3. 



DURHAM UNIVEBSITY 

Department of Phjriee 

ASTRONOMICAL 
8PECTR06COPY 

Applications are invited for a 
POSTDOCTORAL RESEARCH 
ASSISTANT tenable for two or 
three years, starting as soon as 
possible after 1 June. 1985. The 
successful applicant will join a team 
developing and commissioning a 
CCD detector system to be used with 
the multl-obiect fibre spectrograph 
on the United Kingdom Schmidt 
Telescope. Applicants should have a 
knowledge of elMtimlcB aa wall as 
research intenata In obaervBtiODal 
fistronomy. 

Initial salary up to £8920 pa on 
Range lA plus superannuation. 
Applications (three copies), naming 
three referees, should be sent by 
30 April, 1985 to the Registrar, 
Science Laboratories, South Road, 
Durham DHl 3LE, from whom 
further paitlBulaza may In 
obtained. 



Copyrighted ntaterial 
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yf SPEECH 

] recognition 
Zj research 

Development Scientist required for research into 
Advanced Speech Pattern Processing Algorithms in 
connection with a Speech Input/ Output implemenution 
sponsored by the Alvey Directorate. 
Sindex Speech Technology Ltd invite applications from 
suitably qualified persons to work within the Speech 
Recognition Group. The successful candidate, after satis- 
factory indications of performance during the initial 
period of research, would be offered the future leadership 
of the Group. The first year of the project will be carried 
out in the Malvern area and further development 
continued in London or Cambridge. 

Ideally the candidate would have experience in either 
Statistical Modelling, Scientific Computing or Speech 
Recognition techniques. Post Doctorate or relevant 
industrial experience would be an advantage but not 
essential. 

Remuneration will be commensurate with qualifications 
and experience. Personal achievement is respected and 
appropriately rewarded. 

Applications giving details of age, qualifications and 
experience should be sent as soon as possible to:- 
Dr Paul Thompioii, Sfaidax Speech Tcdudofr Ltd, 
60 Albert Court, Priace Contort Rood, London 
SWl 2BH. 



UNIPATH 

Unjpath, a growing force in medical diagnostics is 
seeking the following graduates to join their 
expanding Research and Development group. 

CHEMISTS AND BIOCHEMISTS 

with experience in protein chemistry are required to work in teams 
on the Immobilisation and chemical modification of proteins. 



BIOCHEMISTS 

experienced in clinical biochemistry are required to work on the 
development of novel diagnostic test systems. 

These exciting opportunities will ideally suit young, self -motivated 
graduates with good honours degrees (or equivalent) in chemistry, 
biochemistry or related disciplines. Candidates should be capable 
of contributing creative ideas based on sound theoretical knowl- 
edge and practical experience gained in an Industrial environmem. 
As part of a major muM national company, UNIPATH is able to 
offer excellent career prospects, working conditions and benefits 
including generous holiday entitlement, sports and social facilities, 
sickness scheme and superannuation 

Starting salaries will be in the range £7500-£90OO per annum 
depending on age, quaMteatkms and experience. 

If interested please write to. or telephone: 
Mrs Judith Monico 
Personnel Manager 
Unipath Limited 

Norse Road, Bedford MK41 OQG 

Tel: (0234) 47161 



UNIVERSnV OF EDINBURGH 

Edinburgh School of Agriculture 

Lecturer in Animal 
Biocliemistry and 
Ruminant Nutrition 

Applications are invited for the post of 
Lecturer in Animal Biochemistry and 
Ruminant Nutrition. 

Applicants should have a formal 
grounding in agricultural biochemistry 
and nutrition, or related disciplines, 

and have relevant postgraduate 
experience The appoinied person will 
be expected to pursue an active 
research programme, in addition to the 
normal range of university teaching 
duties Initially, the post will be for a 
three-year period. 

Further details from and applications 
to: The Secretary to the University, 
Universrty of Edinburgh, Old College, 
South Bridge, Edinburgh EHS 9VL, not 
later than 9 May, 1 985. 
Please quote Reference No 1 183. 



MEDICAL RESEARCH COUNCIL 

ADMINISTRATIVE APPOINTMENT FOR A 
SCIENTIST 

Science graduates interested in a career in research administration — giving opportunities 
to be involved with the latest developments in medicine and biology — are invited to apply 
for appointment as a Sderrtific Administrative Officer in the Coundl's London office. The 
Coundl has an annual budgst of some £120 million and is the main govammant agency 
for promolino meiftcal rMaaroh. 

The successful candklate is likaly to be aged between 28-40, with aome experience 
both of biomedical research at a postdoctoral level and of administration, and with 
broadly informed interest in science and medicine. The initial posting wNI probsblY be as 
Scientific Secretary of a Grants Committee and, as such, will include responsibility for 
day-to-day liaison between the Council and the research community in Universities, 
Medical Schools, Hospitals and Research Institutes. 

The Coundl's headquarters staff are appointed on terms and conditions analogous to 
those of the Civil Service. Subject to satisfactory completion of a two-year probationary 
period, the appointment will be permanent. The salary scale (Senior Scientific Officer 
grade) offered is £9329 to £12050 plus £1300 London Weighting and a contributory 
pension achame with pay supplement. Salary rates are currently under raviaw. 
Further Information and application forms may be obtained by writing or 
telephoning to Mia» Mifaatt Hale. MaJMl n aaaaidi CoiwcS, 30 PMfc Craaoant 

London WIN 4AL(T«l!W-aSr " ' 

is 3 May. 1986. 
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UNTVEBSmr OF BEAOIMO 

BOUi MIUUOHiULOOIBT 

Applications are invited for the post 
of Research Pellow at post- 

doctorste level to invesUgate Uie 

iMfltMlal/funial/lirataeauaiHess- 
slon during tlw ctecoin position of 

animal manures in soil. This 
investigation will be linked to work 
on nitrogen transtonnatlons. Appli- 
cants should have wide practical 
expoience in mlcroldology. Tlie 
project is financed by APRC and is 
expected to last tor a fixed period 
of fo ur ye ars. Starting Salary £7520 
pa. nS8 superannuation. Apply 
quoting Ref R13A tor application 
form and further particulars to 
Personnel Officer, University of 
Reading. Whlteknights, PO Box 
217, Bmmg, BOS 2AH. TU (0734) 
STSmwfmCloiliigdMelOIKay. 



SCHOOL OF MEDICINE 
UNIVERSITY COLXfGE LONDON 
Department of Faediatrics 

RESEARCH IBOHMIGIAIT 

(ORAhe: 3) 

nQutawl to Hiiit witti ft BRtlect on 
the tranaport and neuroiosiclty of 

bilirubin In the brain of the new 
bom. The two year appointment is 
funded by Blrthrlgbt. Salary 
£6951-£7155 inc LW. Bsporlence in 
physiological research and bio- 
chemical techniques— liquid scintil- 
lation counting, spectrophotometry 
dialysis etc. would be an advantage, 
but not essential. 

Application with cv and names of 
two referees to Dr N. K. Ives, 
Department of Paediatrics, School 
of Medicine, University College 
London, The Rayne Institute, 
University Street, London WCIB 
6JJ. 



RIVERSIDE HEALTH 
AUTHORITY 
Senior Medical Laboratory 
amgNT UflO OPFlUMt 
HIBTOPATHOLOOY 
This post is required for the estab- 
lishment of a Neviro-Hlstology 
service within the HlstQpatbology 
Department at OtaailnK Cross 
H()q;>ital and will provide an excel- 
lent opportunity for someone wish- 
ing to specialise without losing 
contact with routine work. Appli- 
cants nuiet be State Regiflfeeced and 
Fdhnre of the niUS. 
For further information, nrnif int 
Mr K. R. James. SCMUaO on 
(01) 748 2040. Ext 2736. 
Application forms and Job descrip- 
tion may be obtained from Mr W. 
Finlayson, District Personnel 
Department, on Ext 2987. 
Closing date: 26 April, 198&. 



fT Scientists \ 

WkynoteHterSalet? 
SalarieaeBSOa-ffOOOBaMk 
4- Car * Bmuu 

If you want a cnccr with a 
funirc, wliereyouMenewiKied 
iccoiding tt) youi cfibw then 
consider selUng.lXfebncmancics 
with major companMS in 
phamiaceuticals, diagnostics and 
medical/scientific equipment 
throughout the U.K. 

For a local interview to 
discuss an oiciting future ring 
SutcUfie Selection 0256 55955, 




UmVEBSITY OF laCETOt 
DapaitMiMil afCTiiialiiij 

POSTDOCTORAL 
RESEARCH ASSISTANT 
AppUcatlons are invited for an 
8ERC supported Postdoctoral 
Research Assistant for a period of 
two years to commence 1 October, 
1985. Candidates will work in the 
field of metal complexes of electron- 
rich heterocyclic systems of phoe- 
phorus, arsenic, antimony, sulphur 
and selenium, in collaboration vttll 
Prof E. W.AbeL 

Starting salary will be in the range 
£7520-1^980 pa * TTSS benefits. 
Applications, including cv and 
namee of two referees, ahniild 
be sent to Prof B. W. Aliel. 
Department of Olianlitn, Hm 
University, Exeter KM vQfi, aa 
floon as possible. 



56 



New Scientist 1 1 April 1985 



Technical Officer 

Microbiology section 



Nr Uxb ridge, Middlesex 



C.B2000 



\Afe are Glaxo Animal Health Limited, responsible for the Group's veterinary and animal 
healthcare business on a worldwide scale. 

We now have an excellent opportunity for a young biological science graduate to join the 
microbiological team within our Research & Development Department. 
You will work as a Technical Officer in a laboratory concerned with the development and 
evaluation of antibacterial preparations for use in veterinary medicines. Responsibilities 
will include routine bio assays, bacterial isolation, identification, and sensitivity testing, and 
other standard microbiological tests, as well as maintaining records to GLP standards. 
There will be opportunities to use and become familiar with new analytical techniques as 
they are introduced. 

The company, situated in rural surroundings, but only 5 minutes from the centre of 
Uxbridge, offers an attractive salary plus Outer London Allowance and is backed by a 
generous range of benefits including guaranteed annual bonus, a non-contributory 
pension scheme, 22 days' holiday and staff canteen. 

For an application form, please contact Mrs M A Model, Company Personnel Officer, 
Glaxo Animal Health Limited, Breakspear Road South, Harefieki, MkJdIesex UBS 6LS. 
Tel: Ruislip (089 56) 30266. 



Glaxo 



Animal Health Limited 



BP is Britain's largest and one of the world's most successful companies. BP Research 
Centre provides Group companies with comprehensive research and development 
facilities for the support of existing business areas and for the exploitation of new 
businesses. 

Assistant Technologist 

"new liquid fuels sources development" 

An opportunity has arisen for an assistant to work with a small group of graduate tech- 
nologists investigating fundamental surface properties of a number of novel carbon- 
aceous absorbants and catalysts. The work of the Group is relevant to some of the vital 
problems in development of new sources of liquid fuels and their efficient utilisation in a 
number of practical systems and you would be using sophisticated and advanced 
techniques for the study of properties of solid surfaces and absorbed substances. 
Qualified to minimum Higher TEC or HNC in Physics or Chemistry, you should have at 
least two years' practical laboratory experience of surface chemistry or physics. 
An attractive remuneration package includes non-contributory pension scheme, sub- 
sidised restaurant and extensive on-site sports facilities. 

Please write or telephone for an application form, quoting reference SR 3604, to: Anne 
Sheppard, BP Research Centre, Chertsey Road, Sunbury-on-Thames, Middlesex TW1 6 
7LN. Tel: Sunbury-on-Thames (09327) 62028. 
BP is an equal opportunity employer. 



ROTHAM8TED EXPERIMENTAL 
STATION, 

Harpenden, Herts ALS ZJQ 
Plant Pathology Department 

PLANT VIROLOaiST (REP 589) 
required to work on the identi- 
fication, purification, character- 
isation and diagnosis of strains of 
barley yellow dwarf virus affecting 
cereal crops in developing countries, 
especially those of Central and 
South America. The person 
appointed will be required to 
develop diagnostic methods appro- 
priate for use In developing coun- 
tries and to have an interest in 
aphid transmission and epidemi- 
ology. An important part of the 
work is the transfer of the tech- 
niques developed to local staff. The 
work wUl be based at Rothamsted 
but a period of up to six months may 
be spent overseas. This post is for a 
maximum of three years supported 
by the Overseas Development 
Administration. 

MICROBIOLCX3IST (REF 590) 
required to study the detection of 
airborne antigens associated with 
occupational respiratory disease. 
Duties will include the testing of 
sampling methods, sampling at sites 
where respiratory allergy has 
occurred and correlation of the inci- 
dence of airborne microorganisms 
and other antigens with respiratory 
disease. The post is for a maximimi 
of three years, funded by the Health 
& Safety Executive. 
Qualifications: 1st or Upper 2nd 
Class Honoiirs degree in a relevant 
discipline (for Post Ref 589— Biology, 
Plant Pathology, Biochemistry; for 
Post Ref 590— Microbiology and a 
knowledge of Immunology, bio- 
chemistry and statistics wUl be an 
advantage) and at least two years 
postgraduate experience. 
Appointments in the grade of 
Higher Scientific Officer (£7435- 
£10 039). Non-Contributory super- 
annuation. 

Application Form available from 
The Secretary, quoting the appro- 
priate Reference No(s). Further 
details on request. Closing date 3 
May, 1985. 

We are an equal opportunities 
employer. 



CHARING CROSS HOSPITAL 

PHYSIOLOGICAL MEASUREMENT 
TECHNICIAN 

LUNG FUNCTION 

Required by the Cardiopulmonary 
Unit to perform a variety of routine 
and non-routine tests including lung 
function tests, exercise tests and 
blood gas analysis. Participation in 
research projects will be encour- 
aged. Experience in lung function 
testing and blood gas analysis is 
required and all candidates must 
fiave followed a two year course of 
training and possess an ONC in 
Physiological measurement or an 
OTEC in Medical Physics and 
Physiological Measurement, or an 
equivalent qualification. 

Salary scale: £5909 pa-£7271 pa 

inclusive. 

Facilities include subsidised restau- 
rant and social club with heated 
swimming pool and squash courts. 

An informal visit may be arranged 
by ringing the Lung f^unction Labo- 
ratory on 01 748 2040 Ext 2827. 

Application form and job descrip- 
tion available from the Unit Person- 
nel Department Parsons House, 
Charing Cross Hospital, Fulham 
Palace Road. Hammersmith W6 
8RF. Tel 01 748 2040 Ext 2992 



lBP) Research 

^ y SUNBURY-ON-THAMES 



8> 




EEC TECHNICIAN 

c£15r000 p.a. TaxFree+Bonus 
RfYadh^ Saudi Arabia 

General Arabian Medical and AlttedServlces Limited (GAMA) 
is the l-lospital Management Company providing consultancy 
services to ttie prestigious Riyadh Al-Kharj Hospital FYogramme 
tn Saudi Arabia. The Programme includes the 620-bed Armed 
ForcesHoqpitalki Riyadh, a 61 -bed satelUte Hospital 50 miles 
to the South at Al-Khaij and a number of peripheral clinics. 
These modem, well equipped Hospitals pravide sophisticated 
medical services totheempioyeesorthe Aimed Fnces and 
their dependants. 

The successful candidate would be expected to provide EEC 

and Evoked Potential service. Reporting to the Consultant 
Neurologist he/she would also be responsible for the day-to-day 
running of the unit, such as booking appointments for EMGs 
and the day-to-day care of the EMG equipment, maintaining a 
good filing system of all neurophysiology recordings, typing 
and dispatch of the reports etc. 

Periodically, local technicians in training might be attached to 

ttieneHa|4iysiokiwunit,inwhaseliriHta 

would be espectea to participate as tend wnen the service 

cotnmttmenisallaw. 

Candidates should have a basic diploma ftom the British 
Society of Electro-encephalography and have been employed 
as a neurophysiology (EEC)Technidan for 4 years (including 
training perk>ds).OiMyear'spost'«ualification experience of 
recording EEC's and Evoked rotennals is essetwL 

BENEFITS: 

This single status contract is ofTered on a two year renewable 
basis and provides: free fully-fumlshed accommodation; four 
weeks' leave for every 6 months of service; free flights 
( including leave flights) and a two months' salary bonus on 
atisfactorycoinpletionorcontract. Salaries arepaidinSaudi 
Riyals and the sterihtgsalaiy quoted iBcalcuialedat 
theci i neHtecchaiweiateof4.1 Saudi Blyals=El. 



qiMtmi«f-6013,to: 

Snsan Grtce, 

GAMA INTERNATIONAL LTD., 

6MwofVMfcSbcct,UMidMSW1Y6LA. 
lielcpkmw: 01-839 6843. 



FLUID DATA, (UK) LTD 

DESIGN AND DEVELOPMENT 
ENGINEER 



C«i you offtr lh« foHmwfng? 

— Ttw abiMv lo 9MWM« id«M wd turn dwn into praedcll 
-An apinude for prKucal and dMomlcil proMtw laMn 
~A commnmvn to modem scianca and MdMMlOgtf. 

YES? 

Than you are ]usl what wa ara lodung for 

Wa ara a young c«oan<ling company tpacialrting «i Procau AnalytKal Inatrumwitalion (or Ho (M and Gaa Induatry 
basad ai Crayford, Kent. 

Tl>a iucc»aa(ul candldMa for llaa poMion ia iiUy to ba agM botHMn 26 and 4» with (omtll quaMl«iona to 
graduate Wal or aqiairiim in MMMc/biginMraukiaeia. 

Vtrtin ratumg» (Mr*; I jj l l llllll *• mennily lo ba tm^mt Daaign and Danlopmant o« 

lecfmical/sciant* icrtiniiiil. logadlir tiiilh *» oiipoilutli^ 
o( ■ new departmam 

An attractive rennjnefation package offered, togetfter witti Company Penaion Pl»i and Profit 9iara Sdtoma Otjr 

hours of woflr are Monday to Fndav, 830am -5 00pm 

If you feel that you can of'c^ the above then please r 
confidence pnclo^ini^ j u.i . -.it- 

Fluid Data lUKI Lirr.itcc! 20 B jume l.id,.5Uial 



1 Mri B A Griffiths on Oayfocd Mt12S 01 « 
, <o.d. Crayfoftf. KM Bkl 4K 



THE MEDICAL COLLEGE OF ST BARTHOLOMEW'S HOSPITAL 
DEPARTMEIVr OF CHEMICAL PATHOLOGY 

SYNTHETIC ORGANIC 



Required to join a group developing non-radioactive immunoasMys for the 
measurement of drug levels. Applicants stwuld have a good Honoun degree 

with some experience of synthetic chemistry or an MSc. 
Appointment for one year initially, available immediately. 
Salary £7643 pa to £9395 pa inclusive according to previous experience. 
Please forward detailed curriculum vitae to: 
, Department 
8t BarthokMiMw's HoapHal 
wait oiiNuiiiaiue Lonoon cvi 
CkMing data: 26 Aprl. 1985. 



BRISTOL POLYTECHNIC 

SCIENCE DEPARTMENT 

AppHcatkms ara invited for the following posts, duties to 
commenoeon 1 September, 1985. 

Lecturer ll/Senior Lecturer 
in Analytical Chemistry 
(two posts) 

Ref No L/1 

Candidates should possess high academic qualifications and 
research or industrial experience In analytical chemistry. Both 
posts involve teaching In the theory and application of analytical 
science and the development and operation of a Consultancy 
Service recently established in the Department. The successful 
appicsnt wW be expected to develop new Knlw with industry. 

For one post candidates should have a particular interest in 
teaching in the biological science courses and for the otiier, 
etectrochamistry in the physical science oouraes. 

Lecturer ll/Senior Lecturer 
in Biochemical Engineering 

Ref No 172 

Candidates should be graduates in a relevant subject who have 
research, industrial and/or teaching experience. 

The successful applicant will teach on Degree, BTEC and GRSC 
courses and will be expected to contribute to the further develop- 
ment of biotechnology in the Department by initiating an active 
research programme and participating in curriculum develop- 



Lecturer ll/Senior Lecturer 

in Scientific 

Instrumentation/Physics 

Ref No L/3 

The aucoMsj ul I glofnt vM b ejxpactad to lec ture in aipecta of 
bwuiNnanuKiona Bactranicsa Mksreprocanors and the Ganoral 
Physics relating to Scientific instrumentation up to and indudbig 
Honoure Degree level. 

SalMy Soala Ul £764«-^11 175 (bar)-£12099 pw annum 
SL£11 175-£13128(bar)-£14061 peranmnn 

The appointment will be made on the appropriate scale according 
to relevant previous service/experience. (Progression from the Ul 
scale to the SL scale is in accordance with the provisions of the 
Burnham Further Education Report.) For further details and an 
application form, to be retumed by 22 April, 1 985, please contact 
the Personnel Office, Bristol Polytechnic, ColdhartxHjr Lane, 
Frenchay, Bristol or ritig Bristol 656261 , Ext 216 or 217. 



WEST LAMBETH AUTHORITY 

ST THOMAS' HOSPITAL 

Chemical Pathology Department (Supra Regional Assay Laboratocy) 

(JUNIOR/BASIC GRADE) 

MEDICAL LABORATORY SCIENTIFIC 
OFFICER 

A vacancy exists m the Supra Rsgnnal Aaasy UboiMoiy wtuchpartorm* a numbar of 
routine protein and steroid-hortnona assays. Enpsrlsnoa m raiao n niunoa a ii y laeli- 

ntgues would be an advantage 

Opportunity and encouragement given for relevam further stutos. Ttie Wwratouss «S 
moctem and well equipped, and ttie lx>spnsl is convenently Mtusiad doss W boHi man 
hne and underground stauons, and » on many bus routes. 
Whnlsy CoiaiQl stfwy and oondWOM of service ere 1 
th two re letse e to: 
DrM. Wheeler 

Chemical PettMlogv Oepertment 
Supn Regional Asaay Lafaoratonr 
St Thofnaa' HaapHal. London SE1 7EH 
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Reproductive 
Toxicology 

Section Head 



Beecham Pharmaceuticals is a 
major British Company involved in the 
research and development of ethical 
medicines. Evaluating their safety is 
an essential element. 

We are now seeking to recruit an 
experienced reproductive toxicologist 
to head a small team concerned with 
the design, conduct, evaluation and 
reporting of both routine and non- 
routine reproductive toxicity studies. 

The successful applicant will be able 
to demonstrate good organisational 
skills. In particular he or she needs to 
establish clear priorities and co- 
ordinate the work of the section with 
that of other areas, particularly those 
responsible for necropsy and foetal 
examinations. An ability to supervise 



and motivate staff, contributing ideas 
where necessary, is obviously also 
required. 

Our site at Stock in Essex is 
conveniently located in a semi-rural 
environment, within easy reach of 
Chelmsford and neighbouring towns 
which together offer a wide range of 
housing and other facilities. 

For the right candidate, we can 
offer an attractive salary, pleasant 
working conditions, and the usual 
fringe benefits associated with a large 
and profitable company. 

For an application form, please 
write to the Senior Personnel Officer, 
Beecham Pharmaceuticals Research 
Division, Honeypot Lane, Stock, 
Essex CM4 9PE, quoting reference 3/85. 



Beecham 

I Pharmaceuticals i 



Clinical Chemist 

Smith Kline & French undertake Intensive and innovative research and development in the 
fiekl of ethical pharmaceuticals. Our laboratories and equipment are among the most 
advanced in the field. 

We have a vacancy in our Pathok)gy Department for a Clinical Chemist to undertake 
the routine and special ar^lysis of biological samples from studies which form part of 
the safety evaluation of novel compounds. The section uses a variety of techniques 
irKluding radioimmuno assay and has modem equipment with on line computer 
systems. 

A Degree in Biochemistry or Applied Biology, or an HTEC in Medical Laboratory 
Science is required preferably with at least 12 months' experience of relevant laboratory 
work. 

We pay competitive salaries and provkie a full range of benefits. 
Piease send a detailed CV outlining your qualrfkations and experience quoting 
reference number NS/118/JW to John Vferd, Personnel Officer, 
Smith KKne & French Research Limited, 
The Frythe,\Atelwya Herts AL69AR. 



UNIVEBSITT OF CAMBRnXSE 
Department of Chemical 
Encineerlnx 

•NEW BLOOD' POST 
University Lecturer or University 
Assistant Lecturer to take part in 
the teaching programme of the 
Department and to undertake 
research in food processing or a 
related field in chemiciil engin- 
eering. 

Applications will be considered from 
graduates in chemical engineering, 
or other branches of engineering, 
or in chemistry, biochemistry, or 
physics. Industrial experience will 
be an advantage. The age limit for 
appointment is 35, but in excep- 
tional cases candidates just over 35 
may be considered. Persons who 
already hold permanent appoint- 
ments in a United Kingdom univer- 
sity are not eligible. Appointment Is 
initially for three years with the 
possibility of re-appointment, for a 
Lecturer to retiriiig age, or for an 
Assistant Lecturer, for two years. 
Stipends: Lecturer £10 330-£15 930, 
Assistant Lecturer £7980-£9860. 
Further information and applica- 
tion form from: Professor J. P. 
Davidson, Department of Chemical 
Eiiglneering, Pembroke Street, 
Cambridge CB2 3RA. 
Closing date 31 May, 1985. 



PUBLIC HEALTH LABORATORY 
SERVICE BOARD 

Central Public Health Laboratory 

SENIOR GRADE BIOCHEMIST 
An experienced biochemist or 
immunochemlst, preferably with a 
higher degree is required to provide 
support to a team of microbiologists 
in the Division of Microbiological 
Reagents and Quality Control. The 
successful candidate should have 
experience in the isolation and puri- 
fication of microbial antigens. The 
work of the team is directed towards 
the developments and improvement 
of reagents used in the diagnosis 
of human bacterial diseases. An 
Interest and some knowledge of 
recombinant DNA techniques 
would be an advantage. 
Current salary range of £9415 to 
£12173 plus £648 outer London 

Weighting. NHS terms and condi- 
tions apply. 

Further details may be obtained 
from Dr A. G. Taylor (Tel 01-200 
4400. Ext 3906). 

Application form and Job Descrip- 
tion available from the Personnel 
Department, Central Public Health 
Laboratory, 61 Colindale Avenue. 
London NW9 5HT. 

UNIVERSITY OF LIVERPOOL 
Department of Geology 
TECHNICIAN GRADE 5 
In the recently established Sedi- 
mentology Laboratory. The success- 
ful applicant will be responsible for 
operating a range of sedimen- 
tological research techniques, 
assisting in training students in 
these techniques and maintaining 
the laboratory. Experience of grain- 
size analysis, heavy mineral 
separation, cathodoluminescence 
microscopy, impregnation and 
staining techniques as applied to 
sediments and sedimentary rocks is 
required. 

Candidates must possess HNC or 
equivalent as minimum quali- 
fication but applications from grad- 
uates in Earth Sciences will also be 
welcome. A minimum of eight years 
experience is also required. 
Salary within the range £6581-£7684 
pa. 

Application forms may be obtained 
from the Registrar, The University, 
PO Box 147, Liverpool L69 3BX. 
Quote Ref : RV/224/N8. 
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SHIFT 
ANALYST 

CIBA-GEIGY AGROCHEMICALS is a fast expanding 
division which markets and supplies Crop Protection and 
Animal Health products to agricultural distributors/ 
merchants. Increased production means that we require an 
additional Quality Control Analyst to be based at our rrxxJem 
warehouse laboratory at Whittlesford, 8 miles south of 
Cambridge. 

Applicants will oe qualified up to Degree level in Chemistry 
with experience of Quality Control analysis being 
advantageous. The job involves raw material, in-process and 
final product quality control analysis. The weekly rotatkjnal 
shifts are from 061 5 - 1415, 1400 - 2200and0900 - 
1715. A shift allowance is payable in addition to the benefits 
betow. 

Conditrans of employment are consistent with the 

Company's intematkjnal reputatkjn and include an attractive 

salary, guaranteed Christmas bonus. Sports and Social Club, 

and rekx:ation assistance wt>ere appropriate. 

If you are interested in the above, p>lease telephone or write 

for an applicatksn form to:- David Parkin, Personnel Officer, 

CIBA-GEIGY Agrochemicals, Whittlesford, 

Cambridge CB24QT. 

Telephone: Cambridge (0223) 833621. 



CIBA-GEIGY 



Agrochemicals 



Food 
Microbiologist 

AylesfiardtKent 

Safeway Food Stores Limited, the UK 
subsidiary of the world's largest international 
supermarket chain, has built its reputation on 
providing customers with top quality products. 

To help maintain the high standards of quality 
control Safeway demand, we now need an 
experienced Microbiologist to run our Microbiological 
Laboratory at our Aylesford Distribution Centre. 

You will be involved in the random sampling of 
all foods entering our warehouse, in particular the 
examination of meat, and meat products. In addition, 
the investigation of problems arising from these 
examinations will also be your responsibility. 

For Microbiologists, preferably with 5 years' 
industrial experience, including food microbiology, 
we offer a competitive salary plus a full range of 
benefits. These include free life assurance, 
contributory pension, sick pay scheme and 
subsidised staff restaurant. 

For an application form piease contact: 
The Personnel Department, 
Safeway Food Stores Ltd., Stonet)orough House, 
King Street, Maidstone, Kent.Tei: Maidstone 54922. 



SAFEWAY 




THE UNIVERSITY OF LEEDS 
DEPARTMENT OF CERAMICS 
"NEW BLOOD" 
LECTURER 

Applications are invited for the above 
post allocated under the UGC's New 
Blood Scheme and available from 1 
September, 1985. 

A good honours degree and preferably 
a PhD in an appropriate area (see 
below) are required. 

The lectureship is to promote the 
development of ceramic components 
for electronic applications, particularly 
for electro-optic and microwave 
engineering. There is an established 
electro-ceramics research activity in 
the Department which is backed by 
good facilities, and which has active 
contacts both with industry and with 
the related interests in the 
Departments of Electrical and 
Electronic Engineering and of Physics. 

Informal enquiries may be made by 
writing to or telephoning Dr A. J. 
Moulson, Department of Ceramics, 
University of Leeds, LS2 9JT (Tel 
0532 431751, Ext 473). 

The age limit for "New Blood" posts is 
35 but marginal exceptions may be 
made. 

Salary on the academic scale for 
Lecturers (i;7520-£14 925) (under 
review) according to age, qualifications 
and experience. 

Application forms and further particu- 
lars may be obtained from the Regis- 
trar, The University, Leeds LS2 9JT 
quoting Ref 62/17. Closing date for 
applications 16 May, 1985. 



UNIVERSITY OF ULSTER 
Faculty of Science 

'NEW BLOOD' LECTURESHIP IN 
EXPERIMENTAL SOLID STATE 
PHYSICS at Coleraine 

Ref: C85/58 

To undertake research in the physics of low-dimensional systems, surface physics 
spectroscopies or low temperature (millikelvin) physics or in some other area 
of condensed matter physics, and to contribute to the teaching in the Physics 
and Electronics programmes of the Department of Physics. 
Applicants should hold a good honours degree and a higher degree in Physics 
and should have had appropriate research experience. In accordance with the 
New Blood appointments scheme, applicants should normally be under the age 
of 35 years and should not hold permanent university appointments in the 
United Kingdom. 

Salary will be determined by age. qualifications and experience within the range 
£7520-£14 925 per annum. 

Further details are available from the Staffing Office, University of Ulster at 
Coleraine, Cromore Road, Coleraine. Co Londonderry BT52 ISA (Telephone 
Coleraine 4141. Ext 225) to whom applications, including a full curriculum 
vitae and the names and addresses of three referees, should be sent not later 
than 26 April. 1985. 



UNIVERSITY OF ST ANDREWS 

Department of Biochemistry and 
Microbiology 

Applications are invited for a post of 

Research Assistant or 
Postdoctoral Fellow 

tenabte for up to 23 months, to work on the 
molecular genetics of purine catabolism in 
yeast. The post is tenable immediately. 
Salary at appropnaie point within range 
£6600 to C8920 per annum, plus USS 
Applications (two copies preferably in type- 
script) with the names of two referees, 
should be sent to tbe Establishments Officer. 
The University, CoHege Gate. St Andrews, 
Fife, to arrivfl not later than 26 AprH. 1985. 



The RoyaJ Geographical Society is 

currently seeking experienced deserl 
researchers for an interdisciplinary expedi- 
tion to the Wahiba Sands in the Sultanate 
of Oman 4 January • 15 April 1986. 
Vacancies exist for a: 

Sedimentary Geokigift 
Developmental Anlhropolosist 

(Arabist) 
Forester specialist in Prosopb 
Desert Plant Phystologtst 
Desert Geomorpholo0st 

These posts are unsalaried. Candidates 
should only apply if they have a commit- 
ment to working in Arabia and are 
prepared to invest considerable time both 
before and after the project. Please submit 
a full CV to: the Project Director, Oman 
Wahibe Sandi Project. Royal Geographical 
Society, 1 KeDsiastoa Gore, Londoo SW7 
2AR for further detaUs. 



DEPARTMENT of MATHEMATICS, 
STATISTICS & COMPUTING 

RESEARCH 
ASSISTANTSHIP 

IN APPLIED 
MATHEMATICS 

Ref RASM 

Applications are invited for the post of 
Research Assistant, tenable for up to 
three years from 1 September, 1985. 

The research programme is concerned 
with the development of a new brain 
scanning method which is particularly 
useful for the early detection of cerebral 
haemorrhage in premature babies. This 
work is to be undertaken jointly with 
staff in Physical Sciences and in collab- 
oration with the Bio-Engineering Unit 
at the John Radcliffe Hospital, Oxford. 
The successful candidate will work on 
the mathematical and computational 
aspects of image reconstruction 
algorithms. 

Applicants should hold, or expect to 
obtain, a good Honours Degree in 
Mathematics or related subject and 
have experience in computing. Candi- 
dates would normally be experted to 
register for a Higher Degree. 

The starting salary will be on the 
Researcher 'A' scale (under review). 
£518I-£7I75 per annum. 

For further details and application 
form write to: The Postgraduate Tutor, 
Department of Mathematics. Statistics 
& Computing. Oxford Polytechnic, 
Headington. Oxford 0X3 OBP. Qosing 
date for applications 29 April, 1 983. 
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Senior Product 
Registration Officer 

Nr Uxbridge, Middlesex c. £16,000 

We are Glaxo Animal Health Limited, responsible for the Group's veterinary and animal 
healthcare business on a worldwide scale. 

An increase in international activity has created an excellent opportunity for a Senior 
Product Registration Officer to become part of our dynamic young team. This key 
position will carry responsibility for the registration of a wide range of pharmaceutical 
and biological health products. 

Reporting directly to the Head of Product Registration, you will possess a life science, 
pharmacy or veterinary degree with 3 years' experience In International regulatory 
affairs. A high degree of setf-motivation and good communications skills are also 
essential to meet the demands of this challenging post. Knowledge of a foreign language 
would be an asset. 

The company is situated in pleasant rural surroundings, only a few minutes from 

Uxbridge centre, and offers an attractive salary plus Outer London Allowance. 

A comprehensive benefits package includes a guaranteed annual bonus, non-contributory 

pension scheme, 25 days' annual holiday and staff canteen. 

For an application form please telephone or write to: Mrs M A Model, Company 

Personnel Officer, Glaxo Animal Health Limited, Breakspear Road Soutti, Harefield, 

Uxbridge, Middlesex UB9 6LS. Telephone: Ruislip (089 56) 30266. 



Glaxo 



Animal Health Limited 



FBC L imited is an international company in the field of 
agrochemicals and livestock products, with a strong research base 
and certain industrial chemical interests. It has a leading position in 
the British market, associated companies in a number of overseas 
countries and an annual turnover in excess of £100 million. 



Registration Officer 

witli product planning responsibilities 

Near Cambridge 

... to obtain and maintain international registration of our veterinary products and to 
prepare and monitor a programme for each product development project. 
You will have a relevant science degree and 3-5 years' regulatory experience. Good written 
and oral communication skills are essential, as is the ability to work 
under pressure. 

We offer a competitive salary supported by a substantial range of 
fringe benefits normally associated with a major International 
company including relocation assistance where appropriate. 
This opportunity is open to both men and women. 
Please write, quoting ref: CP110, with full career and salary details, 
to J. Flint, Personnel Manager, FBC Limited, Chesterford Park 
Research Station, Saffron Walden, Essex CB10 1XL. 
FBC Limited is a subsidiary ofSchering AG, West Germany. 




BRUNEL UNIVERSITY 
Department of Cbemistry 

LABORATORY 
SUPERINTENDENT 
(Re-advertisement) 
Applications are Invited for the post 
of Departmental Laboratory Super- 
intendent in modern laboratories 
located on the Uxbridge campus. 
The post carries responsibility, 
under the direction of the Head of 
Department, Professor G. C. Bond, 
for the organisation of the work of 
technician staff, the operation of 
the research and teaching labora- 
tories, and the implementation of 
budgetary control on expenditure 
for chemicals and equipment. 
Applicants sho uld b e qualified to at 
least HNC or HTEC or equivalent 
standard, and should have relevant 
experience as a laboratory tech- 
nician at a senior level. Candidates 
should have a good knowledge of 
modem instrumental techniques 
and be fully conversant with safety 
requirements. Previous candidates 
need not re-apply. 
The salary will be at an appropriate 
point on the grade 8C scale 
£10 320-£11 177 (including London 
Weighting) according to age, quali- 
fications and experience. 

Application forms and further 
details are available from the 
Persormel Secretary, Brunei 
University, Uxbridge, Middlesex, 
UB8 3PH, on receipt of a self- 
addressed envelope. Closing date: 30 
April, 1985. 

Brunei University is an Equal 
Opportunity Employer. 

IMPERIAL COLLEGE 

Department of Biochemistry 

POSTDOCTORAL RESEARCH 
ASSISTANT 

required for an MRC funded post to 
assist a programme of research into 
the characterisation of glyco- 
proteins and complex carbo- 
hydrates, using advanced mass 
spectrometric techniques. The 
successful applicant will join a 
multidisciplinary team under the 
direction of Professor H. R. Morris 
and Dr A. Dell. 

The investigations will involve prin- 
cipally the study of cell surface anti- 
gens and will make use of HPLC 
purification and fast atom 
bombardment mass spectrometry. 
Previous experience in mass spec- 
trometry is not essential but appli- 
cants must be motivated towairds 
using sophisticated instrumen- 
tation as part of their research 
activities. Experience in HPL of 
biopolymers is desirable. 
The Appointment will be on the RA 
lA scale £752O-£12150 + £1233 
London Allowance. 
Applications with full cv and names 
and addresses of two referees to Dr 
A. Dell, Dept. of Biochemistry, 
Imperial College, London SW7 2AZ. 

ST BARTHOLOMEWS 
HOSPITAL, 

West SmithfieM. London ECIA 7BE 
Anaesthetic Laboratory 

MEDICAL PHYSICS 
TECHNICIAN IV/lII 

Salary: £6488-£9367 (Grade rVAII). 
Depending on qualifications and 
experience. 

The Anaesthetics Laboratory pro- 
vides patient monitoring services 
and technical support to the 
Intensive Care Unit and Operating 
Theatres. 

To arrange an informal visit please 
contact Mrs A. Wright on Tel 01-6(X) 
9000, Ext 24Sa. 

Application forms can be obtained 
from the Personnel Department on 
Ext 3188 quoting ref no MM/41. 
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Make your Laboratory Experience Pay 

Our clients are major pharmaceutical and scientific based 
companies with many varied and well paid positions for 
medical and technical representatives. If you are 
scientifically qualified and aged 22-30 then you can use 
your technical knowledge for a worthwhile progressive 
career. Salaries from £7000-£9000 pa basic + car 
bonuses. 

Telephone us now on 01-831 6471 or 01 -405 0725. 
We take your career seriously. 

SCIENTIFIC STAFF CONSULTANTS 
50 Lincoln's Inn Fields, London WC2. 




APPUCATIONS SCIENTISTS 

FOR 

MRI SITE MANAGEMENT 
U.S. MEDICAL UNIVERSITIES 

Ph.D. Medical Physics or Chemistry with NMR and 
Diagnostic Imaging experience. Must be diplomatic yet 
decisive while in control of an environment of highly in- 
telligent and demanding personalities. Relocation to United 
States; travel within U.S. and to Europe. Will develop 
biomedical instrumentation, perform research for future pro- 
jects, write papers in collat)oration with university p>erson- 
nel and present papers to professional groups. 

Salary commensurate with education and experience. 

Send complete resume including salary history to: 

K.B. Wolfe 

PHILIPS MEDICAL SYSTEMS, INC. 

A NORTH AMERICAN PHILIPS COMPANY 

710 Bridgeport Avenue, Shelton, CT 06484 (USA) 



An Equal Opportunity < Affirmative Action Employer M F H/V 



BIOCHEMIST 

We require a young Biochemist, with PhD or equivalent 
research experience, for our Biochemical Development 
Department. 

The role of this department is to provide technical support 
for our range of biochemical reagents, and new products. 
The successful applicant will be expected to play a major 
part selecting and developing the latter. 
A wide knowledge of biochemistry and interest in all 
aspects of the subject is a pre-requislte. Laboratory work is 
most likely to be concerned with the application of 
separation and analytical techniques, and will Involve the 
preparation of protein, nucleic acids etc as reference 
materials. Particular emphasis will be placed upon 
chromatography and product development for 
electrophoresis. The Biochemist may also be required to 
supervise a small group and to maintain extensive contacts 
outside the Company with Universities etc. 
We are situated In an attractive part of the country, and 
can offer a competitive salary with contributory pension 
scheme, annual bonus and other benefits expected from a 
large Company. 

Please apply in writing, giving full details of age, 

experience, qualifications and current 
/g%r\i jN salary to: Mr J. M. Gordon, Personnel 
I HI IH I Officer, BDH Chemicals Limited, Broom 
V?^*^' V Road, Poole BH1 2 4NN. Quoting /Vew 
Scientist. 



THE UNIVERSITY OF LEEDS 

DEPARTMENT OF 
BIOCHEMISTRY 

POSTDOCTORAL 
RESEARCH FELLOW 

Applications are invited for the alxjve 
post for the study of haem metabo- 
lism in plants and its significance in 
the synthesis and organisation of 
photosynthetic pigments. The 
successful applicant will join a group 
studying various aspects of 
tetrapyrrole biochemistry and their 
application to medical and biological 
problems. 

The post is funded by the SERC and 
is available for a fixed period of up to 

three years from a staning date to be 
agreed, but not later than I October, 
1985. Applicants should hold, or 
expect to hold shortly, a PhD in a 
relevant discipline. 

Informal enquiries may be made to 
Dr S. B. Brown (Tel 0532 431751, 
Ext 7500). 

Salary on the lA Range for Research 
and Analogous Staff (£7520-£ 12 150) 
(under review) according to age, 
qualifications and experience. 

Application forms and further partic- 
ulars may be obtained from the 
Registrar, The University, Leeds LS2 
9JT quoting Ref 83/60. Closing date 
for applications 2 May, 1985. 



Molecular Biochemist 



Midlands 



Our client is a subsidiary of a large UK company with an expan(Jlng Interest in the 
genetic modifications of yeast. 

This new position is being created to support the activities of a team of Molecular 
Biologists. 

The salary is highly competitive and will be commensurate with age and experience. 

Candidates, male/female, must possess a degree (or equivalent) in Biocfiemistry or a 
related discipline and preferably have experience in fermentation techniques and the 
purification and characterisation of proteins. 

Confidential Reply Service: Please write with full CV quoting reference M495 on your 
envelope, listing separately any company to whom you do not wish your details to be 
sent. CV's will be forwarded directly to our client who will conduct the interviews. 

Charles Barker Human Resources (Midlands) Limited, 19th Floor, Kennedy Tower, 
Snow Hill Queensway, Birmingham B4 6JB. 

CHARLES BARKER 

ADVERTISING-SELECTION- SEARCH 
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Pharmaceutical 




Egham 



Merrell Dow Pharmaceuticals Limited is 
a major research based pharmaceutical 
company with a wide range of exciting 
new medicines under development. 

The Merrell Dow Research Institute 
at Egham now wishes to appoint a 
further well-qualified Technician in the 
Analytical Chemistry Department. 

The person appointed will be 
educated to at least HNC/HigherTEC 
standard with ideally several years' 
experience in an analytical chemistry 
laboratory. Recently qualified graduates 
will also be considered. 

Reporting to a senior scientist, the 
work involves the development of 
methods for the analysis of a range of 
new drugs and is interesting and varied. 

Experience in modern analytical 



techniques including HPLC and GLC 
with computerised data handling is 
desirable, together with a co-operative 
attitude towards work with a young 
enthusiastic project-orientated team. 

Our remuneration package will 
include a competitive salary related to 
qualifications and experience, pension 
scheme and life assurance, together 
with other benefits such as flexible 
working hours, pleasant site location 
and facilities and private health insurance. 

Please apply giving details of your 
background and experience to 
Mrs D. M. Helmer, Personnel Manager, 
Merrell Dow Pharmaceuticals Limited, 
MeadowbanK Bath Road, Hounslow, 
Middlesex TW59QY. 



Merrell 



MERRELL DOW PHARMACEUTICALS LIMITED 



Physicist 

for a key role in production 

Triplex Aircraft and Special Products Division, based in 
Birmingham, is a member of the Pilkington Group and a world 
leader in high technology transparencies for the aerospace 
and associated industries. 

We are seeking a Graduate in Physics or a related discipline 
for the post of Senior Shift Technologist in our Production 
Department. This is a staff position which involves the tech- 
nical supervision of thin films coatings plant. The successful 
applicant will co-ordinate the activities of technologists 
working on other shifts. 

This is an excellent opportunity for a young man or woman to 

gain valuable experience before moving to a more responsible 

position. Production experience, and knowledge of vacuum 

coatings technology, would be a distinct advantage. 

We offer an attractive salary together with a wide range of 

large group benefits including relocation assistance, if 

appropriate. 

Please write with full career history and details of current 
salary to Peter Molineux, Personnel Manager, 

Triplex Safety Glass Co Ltd., 
'^'^'Z Eckersall Road, Kings Norton, 



Triplex 



Birmingham B38 8SR. 



KING'S COLLEGE LONDON 
Department of Pharmacology 

TECHNICIAN GRADE 3 
Applications are Invited for a post 
funded by the British Heart Foun- 
dation for two years to work on 
effects of a pulsatile blood pressure 
on brain function. The work, under 
Professor Bradbury, will Involve 
radiochemical and biochemical 
analyses of brain tissue together 
with maintenance and handling of 
physiological equipment, e.g. micro- 
blood gas analyzers. Some back- 
ground In one or more of these fields 
is desirable, in addition to minimum 
ONC or equivalent plus 3-5 years 
relevant experience. 
Salary £5399 pa plus £1250 London 
Allowance (under review). Five 
weeks annual holiday, plus six extra 
days when the College is closed. 
Season ticket loan. Contributory 
Superannuation Scheme. 
Applications to Mr. G. A. Cuthbert, 
Assistant Secretary (Personnel) 
King's College London. Strand, 
WC2R 2LJS, or Tel Professor Brad- 
bury for fuither information on 
01-836 5454, Ext 2547. 
Closing date for applications 26 
April, 1985. 



UNIVERSITY OF EDINBURGH 
Department of Genetics 

Applications are invited for the position of 

POSTDOCTORAL 
RESEARCH FELLOW 

to worV on a pro)eci aimed at 
investigating the rote of cellular onco- 
genes and growth factor genes in the 
selection of mice and chickens for growth 
arKj growth rate. The project would 
involve a number of rnjcleic acid, protein 
electrophoretic and immunochemicaJ 
techniques and expenence in one or more 
of these would be an advantage The 
proiect wiH involve active collaboration 
with groups within this Depaament and 
the Collaboration Research Centre (Roslin, 
Midlothian), already working on the vari- 
ous aspects of the selection response for 
growth. 

The post is grant funded by the Agricuf- 
tursi and Food Research CourKil for a 
period of three years and is available 
immediately 

Salary on range 1A scale with minimum 
start point of £7520, placing being deter- 

mirtod by ag* and qualificatkios 

The project is under the direction of Or 
Andrew Tatt who will provide further 
details as required. 

Applications together with full CV and the 
names and addresses of two referees 
should be sent, by 31 May, 1985, to: The 
Secretary's Office. Ok) College. South 
Bridge, Edinburgh. 
Please quote reference No 5245. 



UNIVERSITY OF LIVERPOOL 
Department of Genetics 

Molecular Genetics 
Applications are invited for the 
post Research Assistant/Senior 
Research Assistant for a three-year 
project working on the mechanisms 
of DNA i-epair Eind mutagenesis 
encoded by bacterial plasmids. The 
project involves extensive use of 
recombinant DNA techniques and 
DNA sequencing, and experience In 
these areas would \x an advantage. 
A graduate appointee would have 
the opportunity to register for a 
higher degree. The post is available 
immediately, but could be held open 
for a suitable candidate expecting to 
graduate in June, 1985. Informal 
enquiries may be made to Dr Strike 
(Tel 051-709 6022, Ext 3113). 
Initial salary within the range 
£6600-£8450 pa. 

Applications, together with the 
names of three referees, should be 
received not later than 25 April, 
1985, by the Registrar, The Univer- 
sity, PO Box 147, Liverpool L69 3BX, 
from whom further particulars may 
be obtained. 
Quote Ref : RV/228/NS. 
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Chemist 

Organic Synthesis 

Merck Sharp & Dohme Research Laboratories is a 
leading international pharmaceutical research 
... ganisation which has newly established a 
Neuroscience Research Centre in a 30 acre park 
near Harlow, Essex. The Centre will be one of the 
world's largest laboratories dedicated to 
neuroscience research, initially focusing on the study 
of inhibitory chemical messengers in the brain and 
exploration of the functional role of neuropeptides in 
the control of emotion, appetite, memory and 
teaming. 

As part of the Centre's planned growth we are 
seeking to recruit a Graduate Chemist who has 
specialised in Organic Synthesis and gained a 
minimum of two years experience in Medicinal 
Chemistry within pharmaceutical research. 
We are offering a substantial remuneration package, 
although of equal importance will be the opportunity 
to work in a stimulating and rigorous scientific 
environment. 

If you feel that you meet our requirements then write 
enclosing a full Curriculum Vitae to: 
Mr. Andrew Harley, Personnel Manager, Merck 
Sharp and Dohme Research Laboratories, 
Neuroscience Research Centre, Terlings Park, 
Eastwick Road, Harlow, Essex CM20 2QR. 

MERCK 
SHARP 
DOHME 

Neurocience Research Centre 





Synchrotron Radiation 
Research 

Technical and Scientific Sapport 

The Daresbuiy Laboratory, situated in North Cheshire, operates major 
natioiul facilities for fundamental and applied research in a wide range of 
sciences. 

Vacancies exist for scientists and engineers to join the teams which are 
responsible for the experimental research equipment at the Synchrotron 
Radiation Source. The equipment already installed covers a wide range of 
techitiques associated with physics, chemistry and biological sciences 
and includes x-ray spectrometers, high resolution grating and solid-state 
detectors. Staff appointed will be expected to accept responsibility for the 
installation, operation, maintenance and development of systems such as 
optical instruments for the infra-red, ultra violet or x-ray regions, sample 
chambers, cryogemc equipment, detectors and data collection hardware 
and software. Applicants, of either sex, are sought with experience in 
ultra-high vacuum systems, optics, scientific instruments and electronics 
(involving both digital and analogue circuitry). 

As well as having an HNC/HND or a degree (or equivalent) qualification 
in a physical science subject and/or engineering, applicants are expected 
to have a strong practical approach to scientific instrumentation and to be 
able to respond with energy, enthusiasm and adaptability whilst working 
as a member of a team within an expanding multi-disciplinary 
enviroiunent. Previous relevant experience in a research context would 
be an advantage for some of these posts and applicants with this type of 
experience would be encouraged to develop their research interests in 
the synchrotron radiation field. 

Appointments to these posts will be made within the grades of Scientific 
Officer, Higher Scientific Officer, Professional and Technology Officer 3 
or 2 according to qoalificafions and experience on a salary range from 
£S,909 to £10,039 per annum for SO/HSO and £7,465 to £10,165 per 
annum for PTO 3/2. 

Appointments allow for a non-contributory superannuation 
scheme and generous leave allowance. There is also a flexible 
working hours scheme in operation. 

CLOSING DATE 2nd May, 1985. 

Further information may be obtained on Ext. 467 
Warrington (092S) 66000. 

Application forms may be obtained fiom 
and should be returned, quoting reference 
DL/905, to:- 

The Persoimel Officer, 
Daresbury Laboratory, Science and 
Engineering Research Council, 
Daresbury, Warrington, 
Cheshire WA4 4AD. 




REACTOR PHYSICS 
ASSISTANT 



NORTH WALES 



£10 575-£14031 pa 



|||| 



The Central Electricity Generating Board invites applications for 
the post of Reactor Physics Assistant to work within the Reactor 
Physics Group of the Performance Section at: 

WYLFA POWER STATION on the Isle of Anglesey in North West 
Wales. 

The vacancy will be filled by a person wfio will be involved in 
calculational and other work concerned with the safe operation of 
the reactors, reactor refueling strategies and optimising reactor 
life. The applicant will also be involved in liaising with reactor 
operations staff and will from time to time be caHed on to woric 
out of normal office hours. 

The successful applicant Is expected to have a basic knowledge 
of physics either at degree level or its equivalent. Knowledge of 
reactor physics would be an advantage---however suitable 
applicants will receive training in the subject. 

Applications in writing, from either sex giving details of age, 
experience etc to The Personnel 
Manager, Central Electricity 
Generating Board. Europe House, 
Bird Hall Lane. Cheadle Heath, 
Stockport, Cheshire SK3 OXA. to 
arrive no later than 30 April 
1985. 



NORTH 
WEST 



Research 
Scientist 

A vacancy exists in tine Biodegradability Section of WRc 
Environment at the Medmenhonn Laboratory for a 
scientist to Vk^ork in a team investigating how micro- 
organisms in the aquatic environment degrade 
xenobiotic chemicals. 

The successful candidate will have a good honours 
degree in Biochemistry or an allied subject and have an 
interest in environmental science. Candidates must be 
able to demonstrate wide research experience in the 
assessment of aerobic and anaerobic biodegrability in 
toxicity to bacteria, or in similar microbial investigations. 
A knowledge of national and international legislation 
governing The marketing of new chemicals, of hazard 
assessment and experience of some form of good 
laboratory practice would be an advantage. 

Salary will be in the range £9.486 p.o. to £11.742 p.a. 
depending on age ana experience. Excellent conditions 
of employment include a contributory pension scheme 
and flexible working hours. 2272 days holiday 
Written requests only for an application form quoting 
Post 169 to Pamela Stratford, Personnel Department, 
Water Research Centre, Medmenham Laboratory, 
Henley Road, Medmenham, PO Box 16, Morlow, Bucks 
SL7 2HD. 

Closing date: 26 April 1985. 
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^ENVIRONMENTAL ^ 
RESEARCH 
IN THE CEGB 



The CEGB is conducting a sulastantial research programme on the possible 
effects of atmospheric pollution on terrestrial and aquatic ecosystems. This 
ifKludes work on the catchment processes detennining surface water quality and 
on soil mediated effects of pollutants on the growth of crops arxl trees. Soil 
interactions are central to both. 

Research opportunities exist at the Central Electricity Research Laboratories 
Leattierhead which is one of the CEGB's principal laboratories, for recently 
qualified scientists with appropriate research experience in soil microbiology, 
geochemistry, hydrology or in related areas. 

Starting salaries for newly qualified applicants with a PhD are approximately 
£9,400 but will be higher for those with post doctoral experience. Excellent 
prospects exist of advarKement to salaries in tfie order of £ 1 7,000 and beyond. 

Those who have the required qualifications and appropriate background and wish 
to be considered for these vacancies should send immediately, details of age, 
qualifications, experience etc. to Mr A Allen, Head of Personnel Section, Central 
Electricity Research Latwratories, Kelvin Avenue. Leatherhead, 
Sun-ey KT22 7SE quoting reference NS/185. 

The CEGB is an Equal Opportunities Emptoyer. 
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CENTRAL ELECTRICITY GENERATING BOARD 
TECHNOLOGY PLANNING AND RESEARCH DIVISION 




Moss Spectromefiy 
A Speciolisf Kole 

Salaiy c. €1^000 Dartfordl Kent 

An excellent opportunity has arisen, within one of our well equipped laboratories, for a Mass 
Spectroscopist. 

Based wtthln the Ptiyslcal Methods Section of our analytical laboratories you will be responsible for 
providing a specialist service to a range of dejMrtments on our Dartfbrd site. This would include 
the development of GC-MS and HPLC-MS techniques for the analysis of materials of interest to 
the Company. 

Probably aged ^l^ound 30, you should be educated to degree level and have several yeiirs relevant 
post-graduate experience. 

Excellent benefits will Include:- 

• 5 weeks' holiday 

• Generous sick pay scheme 

• Subsidised staff restaurant 

• The best sports and social facilities in the area 

• Relocation assistance. 

The Wellcome Foundation is an international group of pharmaceutical and chemical companies with 
headquarters in the United Kingdom and with an annual turnover in excess of £800m. 

for further details and an application form, please write to or telephone Alan 
Murdoch, Senior Personnel Offlcer, The Wellcome Foundation Limited, 'femple Hill, 
Dartford, Kent, lielephone: Dartford (0322) 23488, ext. 2283. 




Wellcome 



AFRC FOOD RESEARCH 
INSTITUTE-BRISTOL 
SENIOR SCIENTIFIC OFFICER 
A vacancy has arisen for a Protein 
Biochemist to lead a group worldng 
on the biochemistry of collEigen and 
connective tissues. The main topics 
at present are the chemistry of the 
collagen cross-links In mature 
animals, the packing of collagen 
molecules in fibrils, the charac- 
terisation of epi-, peri- and 
endomysium collagen using 
Immunochemical procedures and 
the development and control of 
muscle collagen using recombinant 
DNA models. The appointed 
scientist will be expected to initiate 
and develop these and new funda- 
mental programmes, to relate them 
to structural work on collagen 
fibrils and to applied work on meat 
texture. 

Qtialiflcations: At least four years' 
experience in protein biochemistry 
essential (preferably in collagen 
research) with preferably a PhD 
In biochemistry, biophysics, cell 
biology or related subject. 
Salary: £9329-£12 050 

Application forms from: The 
Personnel Officer, Food Research 
Institute-Bristol, Langford, Bristol 
BS18 7DY. 
Quoting ref: 84/28. 

ROYAL POSTGRADUATE 
MEDICAL SCHOOL 
(University of London) 
Paediatrics and Neonatal Medicine 

A POSTDOCTORAL SCIENTIST 
Is required in the Jerry Lewis 
Muscle Research Centre to work on 
a project supported by Action 
Research. The project, to be carried 
out In collaboration with Dr K. 
Davies (Oxford), is concerned with 
identification and characterisation 
of gene products associated with 
Duchenne muscular dystrophy. 
Techniques used wUl Include 
mRNA preparation, hybrid selec- 
tion, in vitro translation and two- 
dimensional gel electrophoresis. 
Experience in molecular biology 
and/or protein techniques an 
advantage. 

Starting salary on appropriate 
point of Range lA scale for 
Research and Analogous Staff 
according to age and experience. 
Applications by letter enclosing cv 
and the names and addresses of two 
referees should be sent to the 
Personnel Office, Royal Post- 
graduate Medical School, 150 
Ducane Rd, London W12 OHS 
quoting ref: 28/270. 
Closing date: 25 April, 1985. 

CHARING CROSS AND 
WESTMINSTER MEDICAL 
SCHOOL 

(University of London) 
RESEARCH TECHNICIAN 
required for three years for project 
investigating factors relating to 
arterial bypass patency. Appointee 
will be responsible for ultra- 
centrifugal, chemical and electro- 
phoretlc analysis. Experience 
preferred, but training is offered. 
Registration for a research degree Is 
not precluded. 

Salary within £5738-£6924 pa plus 
£1042 pa London Weighting Allow- 
ance. 

Further Information from Mr 
Norman Woolcock, Department of 
Surgery, Tel 01-748 2040, Ext 2196 
and applications on forms obtain- 
able from The Secretary. Charing 
Cross and Westminster Medical 
School. The Reynolds Building. St. 
Dunstan's Road, London W6 8RP, 
to be submitted within four weeks of 
the appearance of this tidver- 
tlsement. 
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Anglian Water 

AREA OPERATIONS 
ENGINEER 
Salary: £ 1 0 500 to £ 1 1 742 

We require an Area Operations Engineer for the Water Supply 
Department at our offices in Cambridge Road, Bedford. 
The successful applicant will be required to examine, develop and 
recommend measures to improve operational efficiency and to 
co-ordinate and monitor leakage control. This will also involve 
participation in the formulation of corporate aims, assistance with 
energy audits, etc. 
Applicants should preferably be educated to degree level and be 
able to demonstrate a high level of numeracy. Previous experience 
in the water supply industry advantageous, computer experience 
essential 

A job description and application form are available from the 
Personnel Department, Telephone Cambridge 61561 Ext 240 
(quoting Post Reference WQ101). 
Closing date for receipt of applications 26 April, 1985. 

CAMBRIDGE DIVISION 
Great Ouse House, Clarendon Road, 
Cambridge CB2 2BL 



SUNDERLAND POLYTECHNIC 
Faculty of Pharmaceutical Sciences 
Department of Pharmacology 

Lli IN PHARMACOLOGY 
1 YEAR FIXED TERM 

REF A12 

SALARY: Li! £7548-£1 1 1 75 BAR £12 099 (under review) 

Responsible for teaching pharmacology and/or 
physiology, biochemistry and toxicology to students 
reading for degrees in BSc (Hons) Pharmacology; BSc 
(Hons) Pharmacy; or BSc Combined Studies in 
Science. Research activities will be encouraged. 

An application form and further particulars may be 
obtained from Personnel Ofificer, Sunderland 
Polytechnic, Langham Tower, Ryhope Road, 
Sunderland SR2 7EE or telephone (0783) 76231 
Ext 1 1 . 

Closing date: 26 April, 1985. 



THE CAMPDEN FOOD 
PRESERVATION RESEARCH 
ASSOCIATION 

Chipping Campden, Glos GLSS 6LD 
RESEIARCH OFFICER 
Applications are invited from 
Honours Oraduates in a food- 
related subject to work in the 
Department of Quality in the field 
of sensory evaluation of foods. The 
successful applicant will occupy a 
senior position within the 
Department and be responsible for 
the development of suitable meth- 
ods for measuring quality in fresh 
horticultural produce and the prep- 
aration of standards and specifica- 
tions for processed foods. Other 
duties will include the co-ordination 
and supervision of sensory panel 
training and liaison with member 
comiianies on all aspects of sensory 
testing. Previous experience of 
sensory evaluation would be a 
distinct advEuitage but Is not essen- 
tial as on-site training will be given. 
This is an exciting opportunity for 
the right person to join a team of 
enthusiastic technologists involved 
in a rapidly growing and important 
discipline at the RA. 
Application forms axe available 
from the Secretary-General. 



THE IMIVEBITY OF SHEFFIELD 

DEPARTMENT OF 
MICROBIOLOGY 

NEW BLOOD 
LECTURER IN 

MICROBIAL 
PHYSIOLOGY 

The new tecturer will be a memtw of the 
staff of the Department of Microbiology 
(Head of Department, Professor D. W. 
Tempest). Applications would be particu- 
larly welcomed from ttx)se with a special 
interest in tt>e physiological behaviour of 
micro-organisms in extreme environ- 
ments. Candidates should normally be 
urvler 35 but older candidates will be 
considered. Initial salary on the scale for 
Non-Clinical Lectures: £7520 - €14 925 a 
year. Particulars from ttw Personnel 
Department (Academic Staffing), Thie 
University, Sheffield S10 2TN to whom 
applications (6 copies) including the 
names of three referees should be sent 
by 24 Apnl 1985 (This closing date has 
t>een extended) Please quote ref: 
R239/H. 



SOUTH EAST THAMES REGIONAL HEALTH AUTHORITY 

Statistics and Operational Research Department 

STATISTICIAIMS 

GAA. Salary: £5925 - £7737 
HCO. Salary: £4897 - £5925 

Oo you want to solve real problems? SETRHA looks after the health 
needs of 3-5 million people, with a budget of £750 million. Our officers 
play a vital role in a difficult decision-making process. The issues are 
complex, and the outcome is sometimes literally a matter of life or 
death. 

We are looking for highly motivated and articulate graduates with 
degrees in numerate disciplines. New graduates are eligible, but for the 
GAA at least a year's relevant experience will be required. 
The posts are based in modern offices in our new Headquarters at 
Bexhill-on-Sea. Flexible working hours are in operation, and there is a 
staff restaurant and leisure facilities. 

For further details and an application form please contact the Personnel 
Department, SETRHA, Thrift House, Collington Avenue, Bexhill-on- 
Sea, East Sussex TN39 3NQ, telephone (0424) 222555 Ext. 3145, or 
for an informal chat about the posts, telephone Deana Leadbeter, the 
Regional Statistician on Ext. 3355. Ref: 521/NS 
Closing date: 26 April, 1985. 



BRISTOL POLYTECHNIC 

Science Department 

Principal Lecturer in Analytical 
Science 

Ref No. L/^3 

Applications are invited for this new post within the Department. 
The successful candidate will be expected to take responsibility 
for the co-ordination and development of teaching within the field 
of analytical science and instrumentation across the biological and 
physical science courses in the department. High academic quali- 
fications and substantial research and/or industrial experience are 
sought rather than any one particular speciality. An ability to 
initiate and pursue research and/or consultancy in some aspect of 
instrumental analysis is essential. 

Salary scale: £13 095-E14 580 (bar)-£16 467 per annum. 

For further details and an application form, to be returned by 
22 April, 1985, please contact the Personnel Office, Bristol Poly- 
technic, Coldharbour Lane, Frenchay, Bristol or ring Bristol 
656261, Ext 216 or 217. 

Please quote Reference Number L/13 in all corrjmunications 



GREATER GLASGOW HEALTH 
BOARD 

Unit North 1, StobhUl General 
Hospital 

Dept. of Bacteriology 
MLSO 

Applications are Invited for the 
above post, tenable for one year in 
the first instance, in the Phage 
Typing section of the Scottish Salm- 
onella Reference Laboratory. The 
laboratory is situated within the 
Bacteriology department at Stobhill 
General Hospital, and provides a 
Salmonella typhimurlum phage 
typing service for Scotland. 
Applicants should be state regis- 
tered, and should hold Associateshlp 
of the IML£ or an equivalent qual- 
ification. Candidates should prefer- 
ably have experience of the identi- 
fication of Enterobacterlacae, 
although this is not essential, as full 
training will be given. 
PHirther detaUs and application 
forms are aveUlable on request from 
Mr D. Munro, Scottish Salmonella 
Reference Laboratory. Applications 
should be sent to Dr R. W. A. Gird- 
wood, Director, Scottish Salmonella 
Reference Laboratory, Stobhill 
General Hospital, Glasgow G21 
3UW. 



UNIVERSITY OF LEEDS 

Research 
Technician 

Rheumatism Research Unit 

Required for Clinical Pharmacology 

Unit, Royal Bath Hospital, Cornwall 

Road, Harrogate. North Yorkshire. 
The work will Involve drug assays 
and biochemical assays in biological 
fluids. Previous experience with 
HPLC will be an advantage. Appli- 
cants must be qualified to ONC or 
equivalent level and have 3-5 years 
relevant experience (including train- 
ing period). This appointment will be 
for two years. 

Salary will be Grade 3 £5399 
£6325 pa. 

Applications giving details of age, 
education and experience should be 
sent to Dr J. S. Dixon at the 
Harrogate address by 25 April, 
1985. 
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Use Vbur Science in 
Manufacturing... 

Amersham International's Medical Product Division is a rapidly growing business 
producing specialised products forthe clinical diagnosis of a wide variety of 

disease states. We aim to maintain our competitive edge by the introduction of a 
steady stream of relevant new products including a complete new non-radioactive 
immunodiagnostics system. The application of science plays a Itey part In the 
development and manufacture of our products. 

As a life science graduate witfi up to two years work experience, preferably in a fast 
moving science based industry, you will by now know your own capabilities. Ybu 
might like to spend a moment matching them to our requirements. 

We are looking for enthusiastic professionals who are analytical and numerate but 
who at the same time have good communication skills and a persuasive approach. 
As a Project Co-ordinator within Medical Products Division, Cardiff you will need all 
of these attributes to perform tasks which range from the evaluation of production 
methods, experimental design and the development of test procedures to the co- 
orcHnatlon of a complex product from devek)pment through its manufacturing stages. 
ITils position offers an excellent opportunity for afuture career with Amersham 
International - based on past-experience it could lead to pests In Manubcturing, 
Marketing or R & D. 

The starting salary will be based on qualifications and experience, within the scale 
ranging from £7,855-£11,785. Conditions of service are excellent and include good 
holidays and a contributory penston scheme. 

Demonstrate your Interest and ability by Immediately telephoning Mr. R.H. 
Hart-Jones, Recruitment Offtoer, in the first instance^ on Cardiff (0222) 617221. 
Cardiff Laboratories, Amersham Intmmaiional pie. Forest Farm, Whitchurch, 
Cardiff CF47YT. 



UNIVERSITY OF 
Depmrtment of Phyita 
PROQRAMMItR/PHYSICIgr 
KXPKRIMENTAL OVflVEH/ 
S ENIOR K XPKHIMENTAIi 
OFFICER 

Required to Join the Research 
Orqup in Nuclear Structure Phys- 
ics. The successful candidate will be 
zequtnd to continue the devel- 
0|m>e nt of suites of interactive 
graphics programmes for the GEC4 
190 computers at the Department of 
Physics, Liverpool and the Dares- 
bury Laboratory, Warrington. 
nragrHmming of the new GEC 6330 
computer for data analysis at 
Daresbury and of the IBM PCs at 
Liverpool will also be required. A 
suitable candidate would also 
collaborate In experiments carried 
out with the N8P heavy ion acceler- 
ator. 

The minimum qualification for 
Experimental Ofnoer Umi to an 

Honours Degree in a rdevant 

subject and additionally Senior 
Experimental Officers must have at 
least five years' appropriate experi- 
ence. 

The Experimental Officer salary 
nuam is £6600-£8920 pa, and the 
Semor Experimental Officer salary 
range is £7520-£12150 pa, 
depending on qualifications. 
The post is tenable for two years. 
Application forms and further 
information may be obtained from 
The Regirtnur, The unlvenlty, po 
Bn mt, UMriMxA IM 3BX. 
Quote Re£ RV/S15/Na 



WEST LAMBETH HEALTH AUTHORITY 

St Thomas" Hospital. London SE1 7EH 

RESEARCH ASSISTANT 

(BIOCHEMIST) IN HAEMATeLOGY 

Research Assistant (Biochemist) required to wjork on DNA sequence 
analysis involving gene re-arrangements and gene transcription in cells from 
blood neoplastic disorders. Experience in gene mapping and cell tissue 
culture techniques an advantage. 

Salary on scale £7500 to £8500 plus £1084 London Weighting Allowance 
per annum, according to age, qualifications and experience. Appointment is 
for one year In the first instance. 

For further details and an application form contact the Personnel 
Department. St Thomas' Hospitai. Tel 01-928 9292. Ext 2422. 
Closing date: 25 April, 1985. 



UNIVERSITY OF EDINBURGH 
DEPARTMENT OF GENETICS 

A PosUactanl Scientist 

Is required 10 WOlk on the development 
and application of DNA probes for 
eiribryonic sex assignment in farm 
animals. The work is supported by an 
AFRC project qrant for three years. Train- 
ing and experience in gene cloning and 
associated techni<tues essential, salary 
on range t A scale commencing at £8920 
rising to £10 330 In the third year. The 
project Is under the direction of Dr K. W. 
Jones who will provide furtlier Information 
as required. 

Application* with fuH CV and names and 
addraaaet of tiwo rataeas (hauW be sent 
by 31 May. 198B quoUng Raf No 6244 

to: 

The Secretarya Othe, 
Old Collega, 
South Bridge, 



iHD 




UNIVERSITY OF WALES 

Welsh School of Pharmacy 

'NEW BLOOD' Lecturer 
Physical Pliarmaceutics 

Salary: £7520-£14 925 per annum 

Requests (quoting Ref C42) for delals 
and apiiScationfuiiii to Siaffing Office. 
UWIST. PO Box 68. Cardiff CFI 3XA. 

Cloeing Date: 17 May. 1985. 



HTMAKrai 

SCHOOL and 
Paddlncton & Noett 1 
Health AnUMwttr 
LBCTDRER IN HKWIH 
EDUCATION 

This is a new post funded by the 
Health Education Council, Initially 
for three ymn. It is expected that 
the hoMei^ Interests will centre on 
the problems of inner city 
deprivation and the potential of 
community-based initiatives in 
health education, Candidates 
should have had experience in 
health education or teaching, and in 
research, preferably related to 
health education. A higher degree or 
otbar further qiwBflcatfcmw would 
be an advantaoBL The Mlaty is on 
the Universitar Leetoier wale ffisao 
to £14925, plus £1383 pa London 
Allowance. 

Informal enquiries may l>e directed 
to Professor David Miller 
(01) 927-1673, Dr Dniliam Kaama 
(01) 927-1505 and Mr John Doddi 

(01) 286-3275. 

Details from Assistant Secretary 
(Penonne^ .St Mary's 



London W2 IPO to whom applica- 
tion in the form of a full cv and 
names and addresses of two referees 
should be sent by 3 May, 198&. 



LABORATORY 
DIAGNOSTICS 

Sales Specialists 
up to £9500 + car 

NE MIDLANDS NW 

A chance to join an innovative 
and well-respected diagnostics 
company, specialising in Bio- 
chemistry, Immunology and 

Microbiology. 

Ambitious, determined candi- 
dates with HNC/BSc in a rele- 
vant discipline and at least two 
years laboratory experience are 
invited to apply. Prefetred age 
23-30. Clean driving licence 
OKiitial. 

01-222 1547 





App llca tto M are In ylted l ot the poat 

of 

TECHNICIAN GRADE 3 
In Pharmaceutics Section. 
Duties will Include the servicing of 
undergraduate classes, occasional 
assistance with research, the can 
and maintenance of equipment 
AppUcanta ahould ppeseii TBC or 
equivalent qualifleatlon and have 
appropriate eaperience. pceferahly 
of chemical or Blodieniieal taborar 
tory work. 

Salary scale: £5399-^6325 pa pIlH 
£1250 London Allowance. 

TbB npotntBHOt iriU be for two 

years m the ftrst instance. 
Application forms and job descrip- 
tion from: Mr D. C. Grant. 
Department of Pharmacy, Chelsea 
College, University of lio n d mi . 
Manresa Road, London, 8W3 6LX. 
The eUNtaw date la as April. 1985. 
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St James' Hospital, Balhatn SW12 

SENIOR QRAOE PHY SICAL 
5CIENTIST/BIOENOINEER/ 
ELECTRONICS ENGINEER 

A vacancy exists for a Physical 
Scientist / Bioenglneer / Electronics 
Engineer to provide physics and 
Moangineering services to St James' 
Haenital. Balham. mainly in the 
areas of physiological measurement 
and patient instrumentation. 
Duties will range from 
lesponsibility for the assessment, 
calibration and maintenance of 
patient orientated equipment, to 
the design of projects and the devel- 
opment of clinical instrumentation 
not available commerclaUy. 
This is a new post in a new Section 
of the expanding and lively Sub- 
Regional Department of Medical 
Physics, based at the adjacent 
St George's Hospital, Tooting. The 
p>ost wUl be supported by the 
appointment of an electronics and 
maintenance technician at St 
James' Hospital and by the laborar 
tories and workshopB at the main 
Department. 

Hie penon aivointed must turn a 
good and appropriate honoun 

degree and a minimum of four years 
experience in the field of clinical 
instrumentation and electronics. 
Salary: £941S-£12 173 pa, plus ttOM 
pa London Weighting. 
Wot further Information please 
contact Dr B. J. Ferry, Chief Phys- 
icist. St George's Hospital, SW17. 
Tel 01-672 1255, Ext 5089. 
For job description and application 
forms please contact: Personnel 
Department, St James' Horoital, 
ausMd Road, Baauun SWllTU 
01-673 1332. Est 164. 
Closing date 1 May, 1985. 

BRUNEL UNIVERSITY 

ftaoNy of Mathematln A SdenM 

INDUSTRIAL TRAINING 
OFFICER 

Applications are invited from 
graduates for the post of Industrial 
Training Officer to organise the 
placement of undergraduates in 
Applied Sciences undertalung 
training in industry, commerce or 
government organisatlone as part of 
their degree courses. 
By^erleaeelniniliMteyof wmnnwce 
would be helpful, and some previous 
history of emplosmient outside the 
education sector is essential, 
together with proven adminis- 
trative ability. 

The position is available from 1 
June, 1985, or as soon as possible 
thereafter. The salary will be on the 
national administrative scale lA 
£6600-£12150 (under review) plus 
£1233 London Allowance, with USS 
benBllts (with the opportunity for 
pKMnation to scale ID. 
Further information and applica- 
tion form may be obtained from the 
Personnel Secretary, Brunei Uni- 

vantty. Uxbrldoe, lUddkaex UBS 
aFHTaadng a3k 3 May, 1985. 
Brunri Uulwialty la an Equal 
Opportunity Bnpiayer. 

FISHERY/RETAIL ASSISTANT 
Currently required at Horton Trout 
Fishery. Full time position Includes 
some weekend work; overtime avail- 
able and some compulsory overtime 
in the evenings. Position would suit 
an honest reliable individual vrith 
an interest in angling. 
Apply to: The Fishery Supervisor, 
Kingnnead Fish Farms Ltid, Stan- 
well Road, Horton, Slough, Berks 
8L3 9FE. Tel Slough 684858: 




R&D ScienHsfs/Engineers 

SW LONDON up to £1 3,005 

Watson House has a worldwide reputation for its research into the use of gas in the domestic 
and small commerent markets, qikI for the tesfing and approvd of gas appKonoes in 

major areas. 

Scientist/ Engineer — Domestic and Commercial Heating 

To join a group studying the use of gas for domestic and commercial heating. The main area of 
involvement is energy conservation. Investigative projects range from studies involving high- 
efficiency - condensing appliances to detailed examination of the meteorological, sociolc^|icd 
and economic factors which combine to influence the use of gas. 

Data analysis is a mojor part of the work, and familiarity with computer based systems is 
essential. Candidates vyill be groduotes in engineering, physics or other relevant discipline, with 
at least three yea rs' experience in a related nm A eunvnt driving Inenoe is desira 
Ref:WH/407/NS. 

Analyst/Engineer - Reliability Data 

To join a team responsible for assessing and improving the reliability of domestic gas appliances. 
The work spectrum covers all areas of the team% octiWiieit, with pailiajlar emphc^ o^ 
operation of a large-scale dotabasecHid the development of compuler i echiW|ues for collectwn 

and statistical analysis of data. 

Candidates will ideally be programmers/statisticians with an interest in engineering. 
Ahemcrtively, tttey could be essentially engineers with a strong computing background. 
Pirevious experienra wouM be an odvoritage. Ref: WH/408/NS. 

Both posts carry salaries within the range of £7)791 to £131005 [induding Inner London 
Weighting] depending on qualifications and experience. Benefits ar« those normolyassocnted 

with a large, progressive organisation. 

Please write for an application form, quoting the appropriate reference numbeii to: 
Personnel Officer [FuUnmL British Go^ Watson House Research Station, 
PMeifaofDugh Rooct l^ndm SW6 3HN -or telephone Mrs White 



on 01-736 1212 
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MEDICAL RESEARCH COUNCIL 
BIOCHEMICAL PARASITOLOGY UNIT 
MOLTENO INSTITUTE 
UNIVERSITY OF CAMBRIDGE 

POSTDOCTORAL 
ASSISTANT 

Applications are Invited for the post of post-doctoral assistant to work witti 
Dr R. A. Klein and Dr B. Sctwnitz, in collatraration with Professor Dr Egge of 
tlie University of Bonn, on tlie structure of the cart)ohydrate moiety of the 
surface antigen from Trypanosoma bnicei. 

Knowledge of protein and/or caitMhydrata chemistry is desirable: the 
work will involve tlw prep a r a tion, purilication and analyais of dhrcopaptida 

fractions. 

The appointment, which will run from 1 July, 1985 to 31 December, 1986, 
is funded by ttie Commission of the European Communities. The salary will 
be in the range e7B20-£84S0, subject to ttw usual MRC condWons of 
employment. 

Applications, together with the names of two referees who should be asked 
to write directly by the applicant, should be sent to Dr R. A. Klein, Medical 
Research Council, Mdteno Institute, University of Cambridge, Downing 
Street, CambridM C82 SEE (Tol 0223-350677} to arrhw not latar tlian 
1 May, 198&. 



UNIVERSITY OF 
OXFORD 

Sir WUliam Duim School 
of Pathology 

RESEARCH 
ASSISTANT 
Grade IB 

Sfebwy Kale £6600-£10 330 

A Research Assistant is required from 
1 June, 198S to contribute to a 
programme of cancer research under 
the direction of Professor Henry 
Harris FRS. The work inVolves exten- 
sive use of cell culture and somatic 
cell genetics. Experience of these 
techniques would be a m^jor advan- 
tage. TTie successful applicant must 
baveadcsneaad liioulilfeawagMd 
biological or Uodwmical badc- 
ground. Applications, with the 
names of two referees, to the 
Administrator, Sir William Dunn 
School of Pathology, South Parks 
Road, Oxford OXl 3RE. 
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FBC Limited is an international company in the field of 
agrochemicals and livestock products, with a strong research base 
and certain industrial chemical interests. It has a leading position in 
the British market, associated companies in a number of overseas 
countries and an annual turnover in excess of £100 million. 

These posts are based near Cambridge 

Formulation Chemist 

You will be Involved in the design and development of formulation systems for new and 
existing compounds intended for crop protection or veterinary use. 

You will be a graduate in chemistry or related science and preferably have some practical 
experience of formulation work. Ref. 9881. 

Senior 
Formulations Assistant 

Expansion of the Formulations Department has created a vacancy for a Senior Formulations 
Assistant. 

Under the supervision of an experienced Formulations Chemist, you will be involved in the 
design of formulations systems for new and existing products. 

You will be a young chemist with HNC or a pass degree, preferably with some practical 
experrenceof formulations work. Ref. CP995. 



We offer competitive salaries supported by a substantial range of 
fringe benefits normally associated with a major international 
company including relocation assistance where appropriate. 

These appointments are open to both men and women. 

Please write, quoting the appropriate reference number, with full 
career and salary details, to: J. Flint, Personnel Manager, FBC 
Limited, Chesterford Park Research Station, Saffron Walden, Essex 
CB101XL 

FBC Limited is a subsidiary of Schering AG, West Germany. 




BIOTECHNOLOGY 
SALES 
TRAINEE 

New Brunswick are wishing to maiD- 
tain their success by emplojring a 
Sales Trainee. InltiaUy based al 
Watford during Induction on oor 
range of laboratory equipment used 
in Research and Industrial 
Laboratories. 

New Brunswick's IS fold expansion 
in the last five years has created this 
vacancy to support and share the 
success of our existing personnel. 
More detailed information ob- 
tainable tram Andrew Buck on 
(0923) 23293. 

NEW 

BRUNSWICK 
SCIENTIFIC 




MEDICAL RESEARCH COUNCIL 

Clinical & Population Cytogenetics Unit 
Pattern Recognition & Automation Section 

Image Analysis 

AppUcations are invited for a CAREER NON^CLINICAL SCIENTIRC post 
with the Medical Research Council. The post is tenable at tius Unit in the first 
instance. 

The Unit has develop«l hardware and software solutions to a range of 
problems in the analysis of scanned microscope images, in cytolo^ and 
cytogenetics. These have opened up a challenging range of new possibilities 
including the possibility of fully automatic abberation scoring and aneuploidy 
detection. Further advances are also envisaged from the increased use of 
parallel processing techniques (the Unit has both a Clip 4 pixel-array processor 
and multiple 68000 configurations) and the introduction of formal rule 
systems to guide the analysis process. 

The successfiil applicant will have graduated in mathematics, computer 
science or a related discipline and will have a convincing record of research 
in image analysis in the biological sciences. He or she must not only have 
demonstrated capability for innovation and experiment, but also a capacity 
for planning, management and execution of substantial 
application projects. 

Remuneration will be at an appropriate point on the scales of university 
non-clinical academic stafT. Further information and an application form may 
be obtained from The Administrative Officer. Medical Research Council, 
Clinical & Population Cytogeentics Unit, Western General Hospital. Crewe 
Road. Edinburgh EH4 2XU with whom applications — 
including a full CV. publications list, a statement of not more than 500-1000 
words describing their proposed research intentions and the names of two 
professional referees — should be lodged by 3 May, 1985. 



UNIVEBSITY OF LTVESPOOL 
■New Blood' 

LECTURESHIP IN PURE 
MATHEMATICS 

Applications are invited for the post 
of Lecturer in the Department of 
Pure Mathematics, established 
under the UGC "New Blood' 
initiative and tenable from 1 
October, 1985. Candidates should 
normally be aged 35 or under on 
appointment. Persons holding 
permanent university appoint- 
ments in the UK, of whatever kind, 
are ineligible for appointment to 
this post. The appointee's teaching 
duties in the early years will be 
reduced in favour of research, for 
which extra financial support is 
available. Preference will be given to 
candidates with strong research 
experience in algebraic group 
theory or one of its major areas of 
application, but other well-qualified 
candidates may be considered. 
Initial salary within the range 
£7520-£l2 635 pa on a scale rising to 
£14925 pa. 

Applications, together with the 
names of three referees, should be 
received not later than 7 May, 1985 
by The Registrar, The University, 
PO Box 147, Liverpool L69 3BX, 
from whom further particulars may 
be obtained. 
Quote Ref; RV/995 (d). 

THE CENTRAL BLOOD 
LABORATORIES AUTHORITY 

has a vacancy at its 
Blood Products Laboratory 
for a TECHNICIAN 

A person is required to join a small 
team working on projects related to 
the design of economic fraction- 
ation processes for Factor vm, the 
prevention of proteolytic degrad- 
ation of the molecule, and safety 
aspects of clinical concentrates. 
Applicants should possess a BSc, or 
its equivalent, in Life Sciences (pref- 
erably Biochemistry); a knowledge 
of coagulation factors or experience 
in protein purification wouild be an 
advantage. 

Remuneration will be commen- 
surate with qualifications and 
experience; NHS Superannuation 

sclieme applies. Salary range 

£3761-£8245 pa including a London 
Weighting Allowance. 
For an application form, please tele- 
phone Mrs D. Stanton on 01-953 
6191, Ext 273 or write to Personnel 
Department, Blood Products Labo- 
ratory, Dagger Lane, Elstree, Herts. 
Quoting ref BPL/RD/Tll. 

UNTVERSITT OF CAMBRIDGE 
Department of Applied 
MatliemaUcs and Theoretical 
Physics 

RESEARCH ON BUBBLES AND 
DROPLETS IN TURBULENT 
PLOWS 

Schlumberger Cambridge Research 
(SCR) is sponsoring a research asso- 
ciate to work in the Department of 
Applied Mathematics and 
Theoretical Physics with Dr J. C. R 
Hunt on mathematical and 
computer modelling of bubbles and 
droplets in turbulent pipe flows. 
The work will be carried out in 
collalwration with the Fluid 
Mechanics group at SCR. 
Applications are invited from 
research workers with experience in 
theoretical or computational fluid 
mechanics who have a PhD or are 
about to complete a PhD in a rele- 
vant topic. 

Write for further information to: Dr 
J. C. R. Hunt, Department of 
Applied Mathematics and 
Theoretical Physics, Silver Street, 
Cambridge CBS 9EW, by 15 May, 
1985. 



ABETTER 
CAREER FOR 
SCIENTISTS 
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As a medicai/ Icchnical n.'pn'U-nlulit i' 
>nu iiiuld ulilisc yiur Irainint! anA 
experience in u job where career pnis- 
pecls cyn reluli- direcll> In \i>ur imn 
efforts. >acancie> arise re|>ularl> 
llirouKhoul Ihe I k for Irainees. and 
offer excelleni salaries 4- car + l>ene- 
fits, f or furlfier infomialion. pfione or 
write ( no stamp needed I for your cop> 
of our tree iiiiormalinn booklet: 



01-229 4214 

^alentmark^ 

Hecruiimeni C oimiliant<i 
I reepini, London W 2 IHH. 



IMPERIAL COLLEGE OF 
SCIENCE & TECHNOLOGY 
Mathematics & Physics Department 

RESEARCH ASSISTANT 

required from October 1985 to work 
with researchers at Imperial College 
and RSRE Malvern, on an RSRE 
funded project for theoretical stud- 
ies of effects of quantum fluctu- 
ations in nonlinear optics. Appli- 
cants should have a background in 
quantum optics and/or quantum 
statistical theory. The appointment 
Is for one year, with possible exten- 
sion for a second year. 
Salary in the range £8753-£13 383 
Including London Allowance. 
The successful applicant will spend 
equal periods working at RJSRE 
lialvem and Imperial College. 
Enquiries or applications (cv plus 
two referees) by 30 April, 1985 to Dr 
J. N. Elgin (Department of Mathe- 
matics) or Dr P. L. Knight 
(Department of Physics) Impertal 
College, London SW7 2BZ. 



Th« Zoological Society o1 London 
Inttitut* of Zoology 

LABORATORY 
TECHNICIAN 

required to work in a research programme 
studying reproduction in sessonsllY 
breeding mammals. Applicants shoukt 
possess or be working towards HNC, 
BSc or equivalent with a knowledge and 
interest in reproductive endocnnology 
Experience of RIA techniques essential. 
The appoirrtmem, within the MRC/AFRC 
Comparative Physiology Research Group, 
is for 18 months. Salary wittiin the range 
£5520 to £7893 pa inckjsive according to 
age, qualificatkxis and experience. 
Applications, with a detailed CV arxl the 
names of two referees, should be sent to 
the Establishment Officer, Zook)gical 
Society of London, Regent's Park, London 
NW1 4RY. to arrive before 2 May. 1 985 



CAMBRIDGE 
HEALTH AUTHORITY 
MEDICAL LABORATORY 
SCIENTIFIC OFFICEK 
on a two year fixed term contract 
required by the Department of 
Clinical Biochemistry in Adden- 
brooke's Hospital. 
Applicants must be state registered. 
Whitley Council salary and condi- 
tions of service. 

Informal enquiries: Mr D. R. James, 
Cambridge 245151, Ext 7154. 
Job description/application form: 
Personnel Department, Tel 245151, 
Ext 7511. Closing date 26 April, 1985. 



TROPICAL MARINE RESEARCH UNIT/ 
UNIVERSITY OF YORK 

Temporary Post Doctoral/Post Graduate 
Research Assistam In Marine Biok>gy — ^for 
work on 

OPERATION RALEIGH 

Applications are invited for two month 
volunteer position from 25 April as senk>r 
research assistant on coral reef ecology 
project in Canbbean. All expenses paid. 
No actual salary. 

Candidates must have completed work 
for PhO or be over 24; min. 3rd Class 
diver, previous travel/worV abroad 
experience; proven interest in reef 
biology. 

Candidates please phone pre 17 April, 
Mary Stafford-Smith on York (0904) 
5981 Ext 5810, or 42577 



PAR T-TIM E ABSTRACTORS 
WANTED, acovistlcs and energy 
topics. Central London. Brentwood 
(0277) 224 632. 



A1>I>()1MMKMS 
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EAGER 'A' LEVEL STUDENT Envi- 
ronmental Science, Biology seeks 
employment in Southern Africa/ 
UK in Ecology, Conservation. 
Qualified Secretary. Box D858. 
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UNIVERSITY OF BRISTOL 
OTKanic Geochemistry Unit 

RESEARCH STUDENTSHIP • 
Applications are invited for a NERC 
approved PhD Studentship to 
study, using GLC and (K>MS. the 
distributions of biological marker 
compounds, such as steroids and 
porphyrins, released by chemical 
and thermal degradation of high 
molecular weight petroleum frac- 
tions. The aim is to use these distri- 
butions as indicators of thermal 
history. Candidates should have, or 
expect to obtain, a good honours 
degree In Chemistry or Geology. 
Applications suid further details: Dr 
J. R. Maxwell, Organic <3eochem- 
istry Unit, School of Chemistry, 
University of Bristol, Bristol BS8 
ITS. 



UNTVEBSmr OF BRISTOL 
ORGANIC GEOC3HEMISTRY 
UNIT 

Research Studentship (NERC 
approved CASE award) for marine 
organic chemistry of biological 
marker compounds in the NE 
Atlantic waters. The project Is joint 
with the Marine Biological Associ- 
ation, Plymouth, and seeks to link 
satellite data with shipboard 
sampling and laboratory analyses. 
Details: Professor G. Egllnton, FRS, 
University of Bristol, School of 
Chemistry, CTantock's (blose, Bristol 
BS8 ITS. Tel (0272) 24161, Ext 623. 



UNIVERSITY OF ABERDEEN 

DEPARTMENT OF GEOGRAPHY 
Applications are invited for a three- 
year NERC Research Studentship 
beginning in October 1985, entitled 
Modelling the Growth and Decay of 
the Former British Ice Sheet. The 
project involves collaboration with 
Dr W. F. Budd and a 6-9 month visit 
to the Department of Meteorology, 
University of Melbourne, Atistralia. 
The approach to the project will 
depend on the successful candidate. 
Initially the work could foctis on 
Scotland, where the critical phases 
of growth and the last phases of 
decay occurred, and could involve 
fieldwork in order to assist in cali- 
brating and testing the model. 
For further information please 
write to: Dr David E. Sugden, 
Department of Geography, Univer- 
sity of Aberdeen, Aberdeen, AB9 
2UF. 



UNIVERSITY OF WALES 
COLLEGE OF MEDICINE 
Department of Medicine 

MRC RESEARCH 
STUDENTSHIP— OCTTOBER 1985 
Applications are invited for the 
above position from final year 
students who expect to graduate 
with a 1st or Upper 2nd CUeiss 
Honours Degree in the Biological 
Sciences this summer. The success- 
ful candidate will work with a group 
involved in studies on Autoimmune 
Thyroid Disease, using expertise In 
Biochemistry, Immunology and 
Molecular Biology. 
Applicants should send a cv and the 
names of two referees, as soon as 
possible to Dr A. M. McGregor, 
Department of Medicine, University 
of Wales College of Medicine, Heath 
Park, Cardiff CF4 4XN. (Tel 0222- 
755944. Ext 3480). 

KING'S COLLEGE LONDON (KQC) 
(University of London) 
Department of Anatomy and 
Hnmsn Biology 

PhD STUDENTSHIPS 
Applications are invited for 
studentships available from Octo- 
ber 1985. Applicants should have or 
expect to have a good Honours 
degree in a Biological Science, and 
an interest in one of the following 
areas: 1. Neuroscience (adult 
and developing nervous system). 
2. Developmental Biology and 
Reproduction. 3. Genetics (Inborn 
errors of metabolism). 4. The Cell 
Cycle and C?ell Ageliig. 5. Human 
<j^t and Posture. 
For further details and application 
form, contact Professor K. E. 
Webster, Department of Anatomy 
and Human Biology, King's Ck)llege 
London, Strand, London WC2R 
2L8. Tel 01-836 5454. 



SUNDERLAND POLYTECHNIC 
Department of Biology 

NERC RESEARCH STUDENTSHIP 

Applications are invited from persons holding or expecting 
to obtain this summer a first or upper-second class honours 
degree in a biological science for this NERC-funded post. 
The position is for three years, and the successful applicant 
will register for a PhD degree. The research project to be 
undertaken is in the field of population biology and the work 
will be supervised by Dr W. Arthur of the Biology Depart- 
ment. The title of the project is "Shell Size and Population 
Density in Terrestrial Molluscs'. Further particulars from, 
and applications to: Personnel Officer, Langham Tower, 
Sunderland Polytechnic, Rythope Road, Sunderland SR2 
7EE. Deadline for receipt of applications: 6 May, 1985. 



THE CITY UNIYERSITY 
School of Electrical Engineering 
and Applied Physics 

SERC CASE Studentship 
FIBRE OPTIC TEMPE31ATURE 
SENSING 

AppUcations are Invited from 
students in physics, chemistry, elec- 
tronic engineering or a related 
subject for an SERC CASE Student- 
ship in association with the Optical 
Sensors (Collaborative Association 
(OSCA), London, to develop and 
study non-linear optical techniques 
for distributed fibre optic 
temperature sensing applications. 
OSCA is a body which brings 
together most major UK industrial 
firms working In the fibre optics 
field and the student appointed 
would have a wide access to such 
firms and their expertise. 
Applicants should have (or expect to 
have) a FHrst or Upper Second Class 
Honours degree or an equivalent 
qualification. Research student- 
ships are also available for suitably 
qualified graduates in the following 
areas: O>ntrol Engineering Centre, 
Measurement and Instrumentation 
Centre, Centre for Information 
EIngineering, Centre for Measure- 
ment and Information in Medicine, 
MSc Programme in Information 
E^nglneering. 

For further Information, please 
contact: Dr K. T. V. Grattan. School 
of Electrical Engineering and 
Applied Physics, The City Univer- 
sity, Northampton Square, London 
ECl V OHB, Tel 01-253 4399, Ext 4416. 

UNIVERSITY OF BRISTOL 

Department of Geography and 

Remote Sensing Unit 

Invite applications for the following 

NERC RESEARCH 

STUDENTSHIPS: 

One Award -Remote sensing of 

geological lineaments of Important 

aquifers In the UK. (Dr H. A. 

Osmaston). 

Two Awards -Storage and water 
movement in the saturated zone of 
the Mendip Limestone Aquifer 
(CASE award with Wessex Water 
Authority and Bristol Waterworks 
Ltd) (Mr P. L. Smart). 
Slope stability in sub-tropical and 
tropical areas (CASE award with 
Ove Arup and Partners). (Dr M. G. 
Anderson). 

The use of passive microwave data 
in satellite-improved rainfall moni- 
toring. (Dr E. C. Barrett). 
Morphoclimatological concepts and 
statistics for satellite-assisted moni- 
toring of rainfall and drought over 
Africa. (Dr E. C. Barrett). 
Enquiries should be directed to the 
project supervisor named above not 
later than the 19 April, 1985, at the 
following address: Department of 
Geography, University of Bristol, 
Bristol, BS8 ISS. 



UNIVERSITY OF 
ST ANDREWS 

MRC ADVANCED COURSE 
STUDENTSHIPS 

Applicationa are invited for the above 
studentships for the MSc Course in 

Radiation Biophysics. The course is 
interdisciplinary and run jointly by the 
Departments of Anatomy and Experi- 
mental Pathology and Physics. It is 
structured to accotnmodate those 
qualified either in the physical sciences 
and caters for differing Interests and 
career intentions of students. 

Enquiries and applications to Dr A. C. 
Riches, Departnnent of Anatomy and 
Experiinental Pathology, UniversitY of 
St Andrews, St Andrews, Fife KYI 6 
9TS. 
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THE UNIVERSITY OF 
MANCHESTER 
Department of Chemistry 

SERC CASE STUDENTSHIP IN 
THEORETICAL CHEMISTRY 

Applications are invited for a CASE 
studentship in the development and 
use of accurate molecular orbital 
calculations of metal-ligand inter- 
actions to study problems relevant 
to heterogenous catalysis, in collab- 
oration with ICl New Science 
Group. Candidates should have a 
good honours degree in Chemistry 
or Physics. Further information 
may be obtained from Professor I. H. 
Hillier. Department of Chemistry. 
The University. Manchester M13 
9PL. 



SI in ic i s 



FOR ALL TECHNICAL TRANS- 
LATIONS FROM JAPANESE con- 
tact Ingatestone Translations, 57 
High Street, Ingatestone, Essex 
CM4 OAT. Tel (0277) 353863 and 
354032. 



H I l ow SI Ill's. (;r w i s 

S( IIOI ARSIIIPS 



MAX-PUNCK-INSTITUTE FOR 
BIOPHYSICS 

Postdoctoral Research Fellowship 
in 

BIOPHYSICS 

Characterization of polydisperse lipid 
systems by photon correlation spec- 
troscopy. 

Applications are invited from candidates 

interested in joining a mutti-disciplinary 
research group studying transport pro- 
cesses in membranes. The fellowship is 
offered for a one to two year period start- 
ing May 1 985 or later. Salary will be from 
DM 26 000 to DM 32 000 pa , net, de- 
pending on experience Send application 
(cv, list of publications, names of two 
referees) to Dr E. Grell, Max-Planck- 
Institute for Biophysics, Heinrich- 
Hoffmann-Str 7, 6000 Frankfun 71, 
(West Germany). 



KING'S COLLEGE LONDON (KQC) 
(University of London) 
POSTDOCTORAL RESEARCH 
FELLOWSHIP IN FIBR&OPTICS 
Applications are invited for a three 
year postdoctoral research fellow- 
ship funded by SERC under the 
JOERS scheme to investigate 
nonlinear interaction in optical 
fibres. 

Applicants should have pursued 
PhD research in a relevant area of 
solid state optics or opto-clectronics, 
or have recent industrial experience 
in optical fibre research. 
Applications should be sent to 
Professor C. W. Turner, 
Department of Electronic and EHec- 
trlcal Engineering, King's College 
London, Strand, London WC2R 
21S. 



UNIVERSITY OF EDINBURGH 
Department of Respiratory Medicine 

Applications are invited for a 

FACULTY OF MEDICINE 
RESEARCH SCHOLARSHIP 

to work on aspects of the control of breath- 
rng in humans with opportunriy to study for a 
PhD Degree. Applicants applications should 
hokJ (or expect to obtain) a 1 or 2(0 Honours 
Degree in a physiological science. Further 
information may be obtained from Professor 
D. C Flenley. Department of Respiratory 
Medicirw. City htospital. Greenbank Drive. 

Edmburgh EHIO 5SB lo whom applicaiions 
inchjding curriculum vitae and names and 
addresses of two referees should be sent by 
3 May 



Travelling Ibllowships 

1986/87 

The Medical Research Council's Travelling Fellowship scheme enables 
clinical and non-clinical biomedical research workers to undertake advanced 
specialised training overseas for a period of three months to one year 

Applications are now invited from suitable qualified candidates for 
awards to betaken up in Autumn 1986. 

Eligibility Requirements; 



Graduates in medicine or den- 
tistry should be of NHS Registrar/ 
Senior Registrar Status (or academic 
equivalent) with some research 
experience. 



Graduates in science should hold 
a PhD/DPhil degree and normally 
have had at least two years' post- 
doctoral research experience. 



Applications cannot be accepted from candidates already overseas who 
wish to extend their stay. 
Further details and application forms are available 
on request from the Medical Research Council, 
Training Awards Group, 20 Park Crescent, London 
WIN 4AL Ck>sing date for receipt of applksations: 
30 September 1985. Late applications will not be 
accepted. 




Medical Research Council 



UNIVERSITY OF NOTTINGHAM 
Department of Chemistry 
POSTDOCTORAL RESEARCH 
FELLOWSHIP 

Laser Photodissociation Dynamics 
Applications are invited for an 
SERC Postdoctoral appointment to 
undertaice research in collaboration 
with Professor J. P. Simons on the 
dynamics of molecular photo- 
dissociation, using high intensity, 
pulsed laser excitation techniques. 
The appointment is tenable from 
September/October 1985 for two 
years at a starting salary up to £7980 
pa + USS (under review). 
Familiarity with pulsed exciter and 
dye laser and/or computing and/or 
molecular beam techniques would 
be helpful. 

Applications including full cv and 
naming two referees should be sent 
as soon as possible to Professor J. P. 
Simons, Chemistry Department, 
The University. Nottingham NG7 
2RD. 

KENT COUNTY COUNCIL 
EDUCATION COMMITTEE 
MID-KENT COLLEGE OF 
HIGHER AND FURTHER 
EDUCATION 
Department of Science 
POSTDOCTORAL RESEARCH 
FELLOWSHIP 

A vacancy exists in the Department 
for a Postdoctoral Fellow to under- 
take research with Dr M. A. Malati 
in the field of photocatalysed 
heterogeneous reactions. 
The post is available for two years, 
with a starting salary within the 
NJC (B) Scale £7548-£10 251. 
Applications, accompanied in each 
case by a cv and the names of two 
referees should be sent to the Prin- 
cipal, Mid-Kent College of Higher 
and F\irther Education. Horsted, 
Chatham, Kent ME5 9UQ. by 
Friday 3 May, 1985. 



I.KCTl Ri:S. MKKTINGS AM) C Ol R.SKS 



INDUSTRIALLY 
RELEVANT COURSES 

leading to MScorPhD 



Science/Engineering Graduates — consider the 
career advantages of an INDUSTRIALLY RELEVANT 
degree in Applied Science and Engineering! 

Choose from these intensive 1-year MSc programmes. 
PhD programmes on application. 

• Aerospace Materials • Polymer Engineering 

• Metals Engineering e Quality Assurance 

e Offshore Engineering e Underwater Technology 
• Welding Technology 

Awards are available lor applicanis wtlh a isl or 2nd Class Honours degree 
in a science or engineering discipline. A preliminary toundation year is 
undertaken by those with a pass degree. HND or equivalent 

For lull Course inlormation send this coupon or phone 

Dr. J. P. Chubb. School of Industrial Science, Cranfleld Institute of 
Technology, Cranfleld. Bedford MK43 OAL. Tel: 0234 7501 1 1 



ext. 2529 



Name ... 
Address . 




Please send me full Course information. 

School of Industrial Science 




^niversityr 
of leading 



AiF'85 
23-25 Siplinihir I9«5 



MSc Course 

APPLIED & 
MODERN OPTICS 

(FULL OR PART TIME) 

This is a one-year course for 
the MSc degree by 
examination. To provide in- 
service specialist training for 
those in industry, the course 
may also be taken on a part- 
time basis over two years. 
The course is open to gradu- 
ates in physics, mathematics 
or engineering. Students with 
recognised equivalent qualifi- 
cations may also be admitted. 
Studentships are available for 
suitable applicants, and oppor- 
tunities exist for research 
leading to the PhD degree. 
Further details may be 
obtained from Professor H. H. 
Hopkins, FRS, Department of 
Physics, The University, 
Whiteknights, Reading RG6 
2AF. 



IThfTVERSlTY OF DURHAM 
Department of Botany 

MSc BIOTECHNOLOGY 
This new one-year course (starting 
27 September, 1985) results from 
collaboration between the Departs 
ment of Botany and Imperial 
Chemical Industries PLC. The 
course, which combines lectures 
and practicals with a research 
project, will provide an overview of 
modem concepts and techniques in 
biotechnology. Topics Include: tech- 
niques in molecular biology and cell 
biology; genetic engineering of 
eukaryotes; tissue culture and 
monoclonal antibodies; industrial 
microbiology; fermentation and 
chemical engineering: microbial 
leaching and metal stripping; 
enhanced oil recovery and 
degradation; air and micro- 
organisms; blomass conversion; 
novel plant products; legal and 
regulator aspects. 

Instruction will include a signifi- 
cant contribution from ICI staff, 
especially from Biological Products 
Business at Blllingham. The course 
Is especially suitable lor biological 
chemists, microbiologists, botanists 
and applicants from related disci- 
plines, and will also offer a rapid and 
efficient retraining programme for 
applicants seconded from Industry. 
Application forms and further 
particulars may be obtained from 
Dr B. A. Whitton, MSc 
Biotechnology, University of 
Diirham. Durham DHl 3LE, 
E^land. 



Advances in Fermentation 
198S 

A thrcc-day conference on 
■Advances in Fermenlalion' will be 
held in l^ndon. England from 2.1 
Scplcmbcrlo 25 September. 1985. 
This is a natural successor to the 
Conference on Advances in 
Fermentation' held in 1983. As with 
the previous event, it is being 
arranged at the kind invitation 
of Professor H. Baum of the 
Department of Biochemistry of the 
New King'sCollege London. 
(KOC). 

# ConfcimcrScssMMis 

# CoRvcrsiizHme 

• Posters 

• ExhibiUon 

Detallt From AIF '85, c/o Process 
BiocKemistry, Penn House, 
Rkknunswonh, Herts, 
United Kingdom WD3 ISN. 



THE PURSUIT OF KNOWUaXiE: 
RULES, ROLES AND 
RELATIONSHIPS 

A One-Day Conference on Monday 
15 AprU. 1985 at King's CoUege 
London. 

(Previously advertised as being held 
at the Royal Institution of Great 
BriteUn). 

Leading scholars from Britain and 
America take a searching look at the 
current state of ethical standards in 
the practice of science. 
Further information and applica- 
tion forms available from EYofessor 
I. Kennedy, Centre of Medical Law 
and Ethics, King's College London, 
Strand, London WC2R 2LS, Tel: 
01-«36 5454, Ext 2449, 2361 or 2179. 



UNIVERSITY COLLEGE OF WALES 
AND RSC MID WALES 

SIXTH 

ABERYSTWYTH SYMPOSIUM 

on 

SAFETY IN LABORATORIES 
Tunday, 1 7 S«ptemb«r. 1 98B 

Th« Working Environment in Latxiratories. 
(Current and imminent legislation — its impact 
on small laboratories — assessing health risks 
to latjoratory workers — safety in school 
laboratories. 
Registration by 12 July. 
Symposium Secretary: 
A. J. S. Williams. BSc.. CCham., FRSC 
Edward Daviat Chemical Laboratotias 
University College of Wales 
Aberystwyth SY23 1 NE 
Tal: (0970) 61 7645 



I OkSAI.l. 



BRITISH MICRO MIMI 802 com- 
puter, e4K RAM, CP/M, complete 
with WordStar 3 0, keyboard, 
screen, 1 disk drive, floppies, all 
manuals. £360 ono. Tel 01-788 3930. 

NEW SCIENTISTS, 1975-79. 
complete with Indexes. Also 1970-73 
issues. Offers? Tel 02586-270. 



PIRSON AI. 



SCHOOL of HYPNOSIS 

Diploma (bourses 01-359 6991. 



newscientist 

Indexes 

Published quarterly, six weeks after the end of each quarter. 
Past ten years available at £2 each. 

Cheques (payable to New Scientist) with order to Reader Services 
Dept., New Scientist, Commonwealth House, 1-19 New Oxford 
Street, London WC1A 1NG. 

Back Issues 

£1 -25 per copy UK, £2 50 overseas (including P&P). 
State issue(s) required and send with order to Reader Services 
Dept., New Scientist, Commonwealth House, 1-19 New Oxford 
Street, London WC1A 1NG. 

We apologise to readers for delays in dispatching posters this 
has been due to Postal problems, we will dispatch all current 
orders within the next seven days. 

Microfilm Edition 

Fiche or 35mm Roll Film including indexes and backruns. 
Current subscription on microfiche: £40 (Surface), £50/$90 
(Airmail). 

Back sets: £40/$70 per year. Yearly set of indexes: £15/$30. 
Cheques made payable to Oxford Microform Publications. Orders 
and enquiries to OMP, 19a Paradise St, Oxford 0X1 1LD. Telex 
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SUBSCRIPTION SERVICE 



Complete this form and post to: New Scientist Subscriptions, 
Oakfield House, Perrymount Road, Haywards Heath, West Sussex. 
RH16 3DH. 



ANNUAL SUBSCRIPTION RATES 

UK, Channel Isles, I.O.M., Eire £54 

USA, Canada, Mexico (Air speeded) $99 
Europe and Scandinavia, Bangladesh, India, 

Pakistan and Sri Lanka (Air speeded) £65 

All other countries (Air speeded) £69 



SPECIAL STUDENT 
RATES 

£44 
$83 

£55 
£59 



Air speeded means that copies are flown to their countries of 
destination on the first plane with appropriate capacity and delivery 
times differ little from the standard Air Mail service. Air Mail rates are 
available on request. 

New subscribers may register for a trial period of six months, if 
they prefer, at half the above rate. 

All prices include postage and packing and the quarterly index. 

Payment may be made in sterling or local currency at today's 
rate of exchange. 

Please enter my subscription as indicated below. 

□ I enclose cheque P/0 made payable to IPC Magazines Ltd 
for£ 

□ Start my subscription and bill me later. £ 

✓1 



□ I authorise you to charge my 
the sum of £ 



Hal 
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HANG ON a minute before you buy 
yourself a Sceptre telephone from 
British Telecom. The machine is, of course, 
push button, so like most push button tele- 
phones, will take much longer to start a 
number ringing the other end, or it seems 
to, admittedly a subjective reaction. On the 
other hand, most telephone users are pretty 
subjective, 1 find. 

We are all proud of our STD system. 
Heavens, you can call all over the country 
or a great part of the very globe itself with- 
out bothering an exchange. The Sceptre 
telephone will display the number you have 
called, so you can see if you have made a 
mistake or "misdialled" as the old phrase 
has it. Better still, the Sceptre has memory 
and you can wrench a number out of it to 
be displayed, too. 

So you can, but only sort of, know what 
I mean? The display is limited to eight 
digits. So, if you are calling a London 
number from out of town, the 0 will disap- 
pear off to the left. You can always allow 
for that, I suppose, or even 01. But what if 
you want a number that is a 10-digit one 
and not a London code? What if, worse you 
are calling an international number? Best 
to use a pencil and paper or rely on your 
own short-term memory. 

Still, the Sceptre has a long-term one, so 
all may not be lost, as the saying goes. It will 
happily store much longer numbers and 
display them for you. Well, sort of, you 
know? It is the really long numbers that you 
are likely to make a mistake on, so as such 
a number builds up past the eight character 
length, the digits will disappear, stage left, 
like players in Haydn's Farewell 
Symphony. Perhaps a way of getting over 
this is to store an international number in 
eight-digit lengths and push several buttons 
instead of one to recall it. Incidentally, the 
number displayed in BT advertisements for 
Sceptre is an eight-digit one, from its own 
information series. 

While we are at it, be a bit cautious 
about buying an answering machine from 
British Telecom. BT will deliver the 
machine and hand it over to you in its 
box. If you should, by some remarkable 
chance, want it installed, that will entail 
another visit. □ 

IT IS hard sometimes to know whether 
you are on your elbow or the part of the 
anatomy referred to colloquially by the 
Bishop of Durham in a recent speech. 
There are ideas of storing nuclear waste in 
deep underground strata, after investi- 
gation of the suitability of the site and, of 
course, with the waste, low-level, being 
placed in containers. To get a move on, the 
Environment Secretary, Patrick Jenkin, 
has vetoed public inquiries before any test 
drilling can be done. "A totally outrageous 
move," said the director of Greenpeace, 
Peter Wilkinson, "although it is quite typi- 
cal of this government's unholy haste to get 
rid of the problem of nuclear waste 
disposal." 

I offer no comment on that, except that 
I should have thought that the haste, holy 
or unholy, might have been to get rid of the 
waste, not the problem. 




The reason I am a little confused is that 
a month before all this, members of Green- 
peace dumped five tonnes of radioactive 
mud on the steps of the Department of the 
Environment, possibly putting people at 
large at some risk from radiation without 
their knowledge. □ 

CHANGE the daily routine of a dog or 
a cat and you may be in for trouble, 
the British Small Animal Veterinary 
Association says. You may put a dog's 
snout out of joint if you bring in a pup, for 
instance, or you may find that if you leave 
an animal alone in the house, it will start 
chewing the furniture or ripping paper to 
shreds. 

So far so good, but when the association 
gets on to advice, it becomes a bit murky. If 
you were moving house, say, what would 
you conclude you ought to do about your 
dog or cat or hamster when advised to 
"plan in advance, think about the best way 
to tackle the change in such a way that your 
pet has as long a period of transition as 
possible "? □ 

THE USUAL cries of outraged pompos- 
ity, I see, broke out when the 
Department of Energy issued a press 
release, dated 1 April, on the thermal neck- 
tie to conserve heat for those who lose it 
through the area of the sternum. Full 
marks, I reckon, to the civil servants who 
maintain a sense of humour, against the 
odds. I hope nobody was threatened with 
the sack by the solemn idiots who are there 
all right in the department, as they are 
everywhere. 

At least those who read the handout 
knew where they were. Government hand- 
outs are occasionally hard to fathom. Is a 
sense of humour involved or not? For 
example, a recent missive from MAFF, the 
Ministrv of Agriculture, Fisheries and 
Food, about revising the system of livestock 
quality controls said that the emphasis 
would be shifted in favour of informed 
consumer choice (they can't mean the 
cows, can they?), and that equal informa- 
tion would be required to be displayed for 
all approved bulls. □ 



CELL mitochondria are the "power- 
houses" of biochemistry. These little 
enzyme-packed granules, which these days 
can easily be extracted from bacterial cells, 
do most of the oxidation for the cell. 
Daedalus is now harnessing them to 
human need. His "biological hot-water 
bottle" is a silicone-rubber bag filled with a 
suspension of mitochondria in a solution of 
the archetypal biochemical fuel, glucose. 

Silicone rubber is permeable to oxygen 
and carbon dioxide, so atmospheric oxygen 
will diffuse into the bag and start oxidising 
the glucose under mitochondrial control. 
A few added enzymes and promoters 
may be needed to take the process to its 
ultimate end-product of carbon dioxide, 
which will dinuse out of the bag again. 
The heat of reaction will warm the whole 
thing up. 

At first, Daedalus feared that the solution 
would soon boil, bursting the bag. But he 
soon realised that enzymes are heat- 
sensitive, and "switch off' at some critical 
temperature, thus thermostatting the 
bag at that temperature. Mitochondria 
from hot-spring-dwelling bacteria, for 
example, should themostat the bag at their 
optimum operating temperature of about 
40° C. 

This wonderful self-powered hot-water 
bottle could be "turned ofT at any time by 
slipping it into a plastic bag, thus shutting 
oflr its oxygen supply and temporarily 
"suffocating it. A 1 -litre bottle, good for 
100 hours of continuous heat, should last 
about a fortnight as a nocturnal bed- 
warmer before needing more glucose. 
Other comfort applications include 
Daedalus's "biological boot" for effortlessly 
warm feet, his "hydraulic hot pants" (with 
a useful cushioning efTect when you sit 
down), the self-warming sofa, and so on. 
Furthermore, if mitochondria from lumi- 
nescent bacteria were added to the mix, the 
new products would glow gently all the 
time from within. Self-warming and 
luminous cushions or upholstery would 
enhance any domestic scene. A luminous 
hot-water bottle would greatly simplify the 
cosy delights of reading under the 
bedclothes. □ 




H ALLEY'S COMET will become visible in our 
skies next year as it approaches the Earth on 
its 76-year orbit. In the past, the comet's 
visits have provoked all kinds of reactions, ranging 
from scientific curiosity to superstitious panic. 
Astronomers wanting to study the comet were 
limited by the observing facilities available to them; 
and of course their telescopes were on the ground. 
Now, for the first time, astronomers can observe 
Comet Halley at close quarters by means of 
spacecraft which can fly past the comet and send 
back to Earth detailed information on its 
composition. 

In July, the European Space Agency will launch 
its Giotto spacecraft. The mission is intended to 
encounter the comet in March 1986 and to skim 
past its nucleus. Information from Giotto, together 
with data from the American, Soviet and Japanese 
missions to Comet Halley, will be used by 
astronomers throughout the world to build up a 
detailed picture of the comet. 

The European Space Agency is offering a trip to 
its launch site in Kourou (French Guiana) for the 
launch of Giotto as first prize in a competition 
sponsored by the Science and Engineering 
Research Council, A/ew Scientist and the British 
Association Young Scientists. 
Write an essay describing either: 

— how you plan to observe Halley's Comet, 
and what sort of experinnent(s) and 
observations you would carry out if you had 



access to scientific facilities (optical, 
infrared or radio telescopes, interplanetary 
probes, and so on) 
or. — some aspect of the history of Comet 
Halley's appearances and the various 
reactions to it — popular reaction, earlier 
scientific studies and so on. 

The competition is open to anyone aged between 
1 3 and 20 on 1 July 1 985. The writer of the 
winning entry (the judges will take entrants' ages 
into account) will be offered a trip to Kourou for the 
Giotto launch, and the ten runners-up will receive a 
year's subscription to New Scientist. The writers of 
the best two essays will also receive free 
invitations to attend the Glasgow meeting of 
the British Association for the Advancement of 
Science in August. The names of the first and 
second prizewinners will be announced in New 
Scientist on 6 June, and provided the winning 
entry is of sufficient merit it will be published 
in this journal. 

Entries should be typed or written in English, using 
only one side of the paper and double-line spacing. 
On the top left-hand corner of the first page give 
your full name and address and date of birth. Put 
your name on every sheet. The competition closes 
on 16 May 1985. 

Post your entry to Karen Iddon, Room 1 14, New 
Scientist, Commonwealth House, 1-19 New Oxford 
Street, London WC1 A 1NG. 
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Created to give a better picture of the 
issues of today. 

THE BIO-BOMBSHELL 

The growth of the bio industry is told in this video story of 
the latest and most far-reaching revolution in science. 
The Bio-Bombshell shows how genetic engineering has 
enabled us to design better bugs and cells to do 
specific jobs, give us new foods, vaccines, drugs, 
fuels and chemicals, alleviate pollution, create 
more efficient crops and livestock and combat 
genetic deficiencies and diseases. 
But biotechnology raises new moral dilemmas Is 
it right to tamper with nature'^ What are the 
dangers'' How will the future of man-made life be 
controlled'^ Plus a 36 page Fact File of nine worksheets 
designed to complement and amplify the cassette. 

INFORMATION TAKEOVER 

The future and implications of Information 
Technology or IT as it is widely called, are 
described in this video with the sinister title 
Information Takeover 
Many of the technologies that converge 
) place IT at our disposal are 
examined including lasers, satellites, 
telecommunications, television, 
radio, computers and fibre 
optics. 

Whoever has IT could be at an 
advantage thanks to its gathering, sorting 
and communication of data at the speed of 
light. IT' could make our world a safer place. No one 
is immune from IT , but will our use of these advantages 
result in a takeover of our civil liberties? Plus 36 page Fact 
RIe of eight worksheets 
Produced for New Scientist by Quanta, these videos explain the science while examining the social 
and pollfical implications. They inform and entertain and are ideal for schools, colleges, students, 
industry and government — in fact. New Scientist s own readership 
Filmed to television standards and available on VHS. Beta; PAL and NTSC. 

Bulk inquiries and (urther information (rom Michael Grant, IPC Magazines. 2627 King s Reach Tower, Stamford 
Street, London. SEI 9LS. Tel: 01-261 5561 Telex: 915748 MAGDIV G. 



New Scientist/Quest Video 

IPC Magazines Ltd 

Room 2627 

King's Reach Tower 

Stamford Street, London SE1 9LS 



Please tick as appropriate 
PAL NTSC 

□ □ 
BETA VHS 

□ □ 



Please send me_ 



I enclose my remittance . 



-copies of THE BIO-BOMBSHELL 
-copies of INFORMATION TAKEOVER 

(insert amount) 



Per video UK £29.95 including P&P and VAT 

Per video USA, Canada, Europe US $49 including P&P 

Per video Rest of World US $55 including P&P 



Name 

(BLOCK LETTERS PLEASE) 



Address- 



Zip/Postcode_ 



Country- 
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